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ABSTRACT 


A navigation system for the entry phase of a Space Shuttle 
mission is evaluated in detail. The navigation system is 
anaided-inertial system which uses a Kalman filter to mix 
IMU data with data derived from external navigation aids. 
A drag pseudo- measurement used during radio blacl^out iS' 
treated as an additional ■ external aid. The Kalman filter 
has a variable dimension of between 6 and 15 states. A 
comprehensive truth model with 101 states is formulated 
and used to generate detailed error budgets at several sig- 
nificant time points -- end-of-blackout, start of final ap- 
proach, over runway threshold, and touchdown; Sensitivity 
curves illustrating the effect of variations in the size of 
individual error sources on navigation accuracy are pre- 
sented. In addition, the sensitivity of the navigation sys- 
tem performance to filter modifications is analyzed. The 
projected overall performance is shown in the form of 
time histories of position and velocity error components. 
The detailed results are summarized and interpreted, and 
suggestions are made concerning possible software im- 
provements. 
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1. INTRODUCTION 


This document describes the results of the second part of a 
study conducted by TASC, involving detailed error models and perform- 
ance evaluations of candidate Space Shuttle navigation systems. The re- 
sults of the preceding part were reported in Ref. 1. This study is one 
element of a general effort led by NASA to establish operational charac- 
teristics of the Space Shuttle Orbiter systems. Considerable progress 
has been made during the past two years in the portion of this effort re- 
lated to navigation. The "baseline systems" treated herein are the result 
of a continuing process of design, evaluation, and refinement, in which 
individuals representing a number of organizations have participated. 


1.1 OBJECTIVES AND SCOPE 

The general purpose of this study is to aid in the evaluation 
and design of the multi-sensor schemes proposed for the Orbiter navi- 

t 

gation system. The scope of the effort described herein covers the 
entry, energy management, and approach and landing phases of the 
mission -- from an altitude of 400,000 ft to touchdown. Figure 1. 1-1 
illustrates the current baseline approach and landing system operation. 
A single TAGAN station provides external range and azimuth measure- 
ments beginning with the termination of radio blackout, and ending when 
the MLS (Microwave Landing System) signals are acquired in the vicin- 
ity of the runway. The MLS signals include range, azimuth, and ele- 
vation angle measurements. Some key elements not shown in the figure 
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azimuth ^ 

Figure 1.1*1 Baseline Orblter Landing System 

are the onboard IMUs (Inertial Measurement Units), altimeters, and com- 
puters, The latter are programmed to mix together (filter) the IMU data 
and the externally derived data* The algorithms used to accomplish this 
function are based on optimal filtering schemes developed by Kalman 
and others (Ref. 24). 

Specific objectives of this effort are: 

• Define and develop mathematical models describ- 
ing all potentially significant sources of error for 
each navigation system considered. 

• Develop a detailed, quantitative understanding of 
the contributions of individual error sources to 
overall system performance. 

• Present results in a form which will help NASA 
choose or specify hardware elements or their 
characteristics, 

• Evaluate software approaches to the navigation 
filter design problem. 
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Table 1.1-1 summarizes the main features of six candidate systems 
which have been evaluated in detail -- four in the previous part of this 


TABLE 1.1-1 


CANDIDATE SYSTEMS 



IMU 

EXTERNAL 

AIDS 

FILTER 

USE OF DRAG 
UPDATING 

PARTI 



System A 

KT-70 

2DMES 
Baro Altimeter 
ILS(3dcg) 
Radar Altimeter 

24-State 

Multi-Phase Filter 

No 

System B 

KT-70 

2DMES 
Baro Altimeter 
ILS (3 deg) 
Radar Altimeter 

6-State 

Square-Root Filter 

No 

System C 

KT-70 

One-Way Doppler 
Baro Altimeter 
Radar Altimeter 

22-State 

Multi-Phase Filter 

No 

System D 

KT-70 

1 DME 1 taCAN 
IVOR 1 

TLS (Localizer ' 
Only) 

Baro Altimeter 
Radar Altimeter 

23-State 

Multi-Phase Itlter 

Yes 

PART n 

Drag-Update 

Filter 

KT-70 

None 

13-State 
Unified Filter 

— 

System E 

KT-70 

TACAN 

IVOR 1 
MLS 

Baro Altimeter 
Radar Altimeter 

IS •» G-Staalbe 
UnUied FUler 

Yes 






Acronyms: 


IMU - 

Inertial Measurement Unit 

DME - 

Distance Measuring Equipment grange) 

ILS - 

Instrument Landing System 


(elevation and azimuth) 

MLS - 

.Microwave Landing System 


(range, elevation, and azimuth) 

. VOR - 

VIIF Omnidirectional Range (azimuth) 
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study and two in the current part. The latter correspond to two phases 
Of the entry and landing trajectory using the current baseline system, 
as follows: 

• The drag-update phase, covering the time 
from entry interface (400,000 ft) to the end 
of radio blackout (assumed here to be 
130,000 ft). 

0 The approach and landing phase, covering the 
time from end-of-blackout to touchdown. 

In the first phase, a 13- state drag-update filter is used to blend in drag 
"pseudo- measurements, " as discussed in Chapters 4 and 5 and Appendix 
C. In the second phase, a variable-dimensioned System E filter is used 
to blend the inertial data with the externally derived data. Both of these 
filters are manifestations of a smgle "unified" filter structure whose 
maximum state dimension is 15, With the measurement sequence and 
groundrules established for this study, the maximum number of active 
states used at one time is 15; the minimum is 6 — during final-approach. 
The principal computational results of the study are the error budget 
tables given in Chapter 5, These tables list separate contributions to 
system error due to individual error sources, or small groups of error 
sources, at four critical trajectory points: 

• The end of radio blackout (130,000 ft) 

• The beginning of the terminal approach (12,000 ft) 

• The runway threshold, and 

• The touchdown. 

1.2 RELATIONSHIP TO OTHER EFFORTS 

Other efforts which relate to the present study fall into three 
categories as follows: 
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• Past multi" sensor navigation studies by TASC 
in which the methodology employed herein was 
developed, 

• Past studies by others involving Shuttle filter 
design, IMU error propagation, and sensor error 
modeling. 

0 Ongoing and future efforts to establish operational 
characteristics of the Shuttle navigation system. 

A discussion of the first two items above may be found in Section 1.2 of 
Ref. 1 and in Ref. 2. Highlights involve TASC's work for the Air Force 
on the CIRIS (Ref. 3) and CLASS (Ref. 4) programs; filter design studies 
by Lear of TRW (Ref. 5) and Kriegsman, Muller, and others of the Charles 
Stark Draper Laboratory (Refs. 6 through 9); a "one rev" Space Shuttle 
mission IMU error study by Clark and Mitchell (Ref. 10); and the 
periodically-revised NASA document (Ref. 11) describing various navi- 
gation subsystem characteristics and error models. 

The relationship of this study to ongoing and future efforts in- 
volves its impact on software and hardware decisions to be made by 
NASA and its major contractors. The software decisions involve methods 
for mixing inertial data with externally-derived data -- such as the choice 
of filter states and parameters. The hardware decisions involve the selec- 
tion of the onboard and ground-emplaced devices needed to obtain the ex- 
ternal data, as well as the specification of particular hardware 
characteristics, required survey accuracy, etc. The detailed results 
generated in this study provide a sound quantitMive basis for rational de- 
cisions. 

1.3 APPROACH 

The general approach and mathematical techniques described 
in Sections 1.3 and 2.4 of Ref. 1, were employed in essentially the same 
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way m this part of the study. (Some important differences in the de- 
tailed truth model structure, required for the drag-update evaluation, 
are described in Appendix C.) The overall methodology used is briefly 
reviewed here with the aid of Fig. 1.3-1. The upper half of the diagram 
represents the recursive solution of the filter covariance propagate and 
update equations. These are solved once for a given trajectory and meas 
urement schedule. Certain elements of the filter dynamics and measure- 
ment matrices are functions of the Shuttle position and velocity vectors 
and the relative geometry between the Shuttle and the ground-navaid 
antenna locations. The outputs are the time histories of the filter- 
indicated performance and the Kalman filter gain matrices. The latter 
are stored on tape and called a "gain file. " The lower half of the diagram 
represents the recursive solution of the linear system covariancp equa- 
tions. These are solved repeatedly to produce an. error budget, the same 
gam file being used each time. The trajectory-dependent matrices de- 
scribing the real-world error model are of much higher dimension than 
the corresponding filter matrices. In individual error budget runs 
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Figure 1.3-1 Realistic System Performance Projections 
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Specific elements of input matrices, corresponding to specific error 
sources, are set to non-zero values, with all other elements set to zero. 
The output time history of the system error covariance matrix is then a 
statistical measure of the effect of that particular error source or small 
group of error sources, and generates one row of the error budget table. 
When the entire table is filled in, an overall system performance projec- 
tion is calculated from the detailed error-source-by-error-source break- 
down. 


1.4 ORGANIZATION OF THE REPORT 

Chapter 2 describes the approach. and landing trajectory, and 
the measurement schedules used in evaluating the drag-update and the 
System E navigation performance. The trajectory is based on a one-orbit 
polar mission beginning and ending at Vandenberg Air Force Base. 

Chapter 3 outlines the truth model states and error sources 
used in studying the two mission phases. The associated mathematical 
details are relegated to Appendices C, D and E. (Appendix D provides 
a useful discussion of non-standard atmospheric density and wind mod- 
els.) ' 

Chapter 4 defines the filter states, parameters, and algorithms 
used to compute filter-indicated performance and to generate the filter 
gain sequences, which were filed on magnetic tape. 

Chapter 5 presents the major results of the study . For the 
two mission phases treated, the parameters defining error source statis- 
tics are listed and error budgets, detailing contributions to system er- 
ror at important trajectory times, are given. Overall system performance 
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projections, in the form of rms position and velocity error time histor- 
ies, are plotted. (Detailed computer printouts, showing individual con- 
tribution time histories are given in Appendices F and G.) Sensitivity 
curves showing the effects of variations in the size of major error 
sources are presented. For the approach and landing phase, the effect 
of alternate filter configurations on overall system performance is also 
given. A general discussion of system performance, comparison with 
previous results, and filter design is included. 

A brief summary of results, conclusions, and recommended 
future studies is provided in Chapter 6. 
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2. TRAJECTORY, MEASUREMENT SCHEDULES , 

AND METHODOLOGY 


This Chapter describes the approach and landing trajectory and 
the measurement schedules used in evaluating the entry navigation sys- 
tem. Section 2.3 defines the basic terminology and states the linear co - 
variance equations used in evaluating candidate systems. 

2 . 1 NOMINAL TRAJECTORY 

The reference trajectory was provided on magnetic tape by JSC 
(Ref. 12). The tape consists of the entry portion of the Shuttle reference 
mission 3B. This is a one-orbit abort mission initiated with a launch 
from Vandenberg Air Force Base into a 100 nautical mile circular orbit 
with an inclination of 104® . The trajectory from entry interface 
(400,000 ft altitude) to touchdown is illustrated in Fig. 2. 1-1. The 
drag-update phase begins over Greenland and terminates over northern 
California. System E operation begins at this point and terminates at 
touchdown. • 

The ground track for the reference trajectory approach and 
landing is shown in greater detail in Fig. 2. 1-2, The final approach be- 
gins at an altitude of approximately 12,000 ft. The final approach glide 
slope of 24° is maintained until a flare maneuver is initiated at an alti- 
tude of 1, 360 ft " approximately 27 sec before touchdown. Touchdown 
is 1,000 ft past the runway threshold. 
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Figure 2.1-1 Shuttle Entry Ground Track for Reference Mission 3B 
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Figure 2. 1-2 Approach and Landing Ground Track for Reference Mission 3B 
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2.2 MEASUREMENT SCHEDULE 

The drag-update phase of the entry begins at the time of the 
first drag acceleration pseudo- measurement (see Section 3.1). This 
pseudo-measurement occurs at the time at which the deceleration mag- 
nitude reaches 0. Ig. The drag-update phase ends at the time at which 
blackout terminates — which is assumed to occur nominally at an altitude 
of 130,000 ft. Both times are indicated in Table 2,2-1 for the reference 
trajectory. 


TABLE 2.2-1 


KEY EVENTS FOR DRAG -UPDATE 
AND SYSTEM E EVALUATIONS 


Event 

Elapsed 

Time 

(sec) 

Time to 
Touchdown 
(sec) 

Altitude 
‘ (ft) 

Relative 
Velocity 
(ft/sec) ■- 

Entry Interface, Tq 

0. 

1946.5 

399,989 

26059. 

First Drag Measurement, 
Beginning of Drag-Update 
Phase 

312. 

1634.5 

269,691 

26072. 

First TACAN Measurement, 
End of Drag-Update Phase 
Beginning of System E 

1432. 

514.5 

129,904 

6121. 

First Baro Altimeter Measurement, 
(No Drag Measurement) • 

1550. 

396.5 

99,676 

3695. 

First MLS Azimuth and Elevation 
Measurements, 

(No TACAN Measurement) 

(No Baro Altimeter) 

1836. 

110.5 

20,002 

583. 

First MLS DME Measurement, 

1846. 

100.5 

18,051 

581. 

Reduce Filter Dimension, Tg^ 
Switch from 2 sec Update Cycle 
to 0.5 sec Update Cycle 

1874. 

72.5 

11,862 

569. 

First Radar Altimeter Measurement, Tj^ 
(No MLS Measurement) 

Switch from 0.5 sec Update 
Cycle to 0.1 sec Update Cycle 

1943.5 

3. 

12 

. 

317. 

Touchdown 

1946.5 

0. 

0 

290. 
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System E operation begins at the termination of the drag-update 
phase. The key events for System E are the times at which the first and 
last measurement from each sensor are processed, the times at which 
the dimension of the System E Kalman filter changes, and the times at 
which the measurement update rate changes. These events are indicated 
in Table 2.2-1, The MLS and TACAN antenna locations relative to the 
touchdown point are indicated in Table 2.2-2. 

TABLE 2.2-2 

SENSOR LOCATIONS WITH RESPECT 
TO TOUCHDOWN POINT 


• 

Downrange 
(ft) ^ 

Crossrange 

(ft) 

MLS Elevation 

0 

250 

MLS Azimuth and 
. MLS DME 

15,000 

250 

TACAN 

6,500 

250 


Above 100,000 ft the System E sensors are TACAN and the drag 
pseudo-measurement. Between 100,000 ft and MLS acquisition at 20,000ft, 
the drag pseudo-measurement is replaced by the baro altimeter . Both 
TACAN and the baro altimeter are terminated at 20,000 ft. 

The azimuth angle and the elevation angle segments of MLS are 
acquired at an altitude of 20,000 ft; the DME segment is acquired at 

18.000 ft. MLS is the only external aid used between the altitudes of 

20.000 ft and 12 ft — at 12 ft the Shuttle is nominally over the runway 
threshold. MLS is terminated at the runway threshold and the radar alti- 
meter is switched on for the final landing sequence. 
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The basic measurement update cycle for the drag-update phase 
and for System E is 2 sec — one measurement from each operating sen- 
sor is processed every 2 sec. The interval behveen updates is reduced to 
0.5 sec at the beginning of the final approach. It is further reduced to 
0.1 sec at the runway threshold. 

2 . 3 COVARIANCE EQUATIONS 

Detailed system error budgets are generated in Chapter 5 by 
solving a set of linearized system covariance equations. Solution of 
these equations requires that a gain file of the measurement gains used 
in the navigation filter be generated. The relationship between the 
filter model from which the filter gains are computed, and the truth 
model from which the error budget is computed, is summarized in 
this section. Although covariance equations alone are sufficient to es- 
tablish this relationship, the state equations for the two models are also 
presented. 

The filter model (F^, H^) upon which the navigation filter is 
defined is a low-order approximation of the navigation system dynamics 
and of the real-world environment in which the filter is designed to oper- 
ate. The filter, which may be nonlinear, generates an m-dimensional 

A 

state estimate, Xp, which propagates between measurements according 
to 

i(t^+ G AY(tj^^j) (2.3-1) 

k 

where G is the control matrix, is the filter state transition matrix, 

K 

and AV is the computed velocity change over the interval. If the filter 

is given by 


dynamics matrix, is constant between tj^ and 
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\=^"p[VWl-y] (2.3-2) 

The system measurements, are used to update the filter state estimates 
by first generating the measurement residual vector 

= z(y - Hp(y x(tj^) (2.3-3) 

and then using the filter update equation 

Xp(tj^) = + Kp(y 6zg(y (2.3-4) 

where is the filter gain matrix and is the filter measure- 

ment matrix. 

Generation of a detailed error budget does not require that 
Eqs. (2.3-1) through (2, 3-4) be solved; all that is necessary is to generate 
the filter gain matrices. If the navigation filter is suboptimaL an algo- 
rithm for computing the gains must be provided. If the navigation filter 
is a Kalman filter, the gains satisfy 

-1 

Kp(y = j^^^y 

' ■ (2.3-5) 

where Pp(tj^) is the filter covariance matrix* before the measurement 
update and Rp is the measurement noise covariance matrix used in the 

K 

filter model. The filter covariance propagates from one measurement to 
the next by 

^F^y+1^ ^ ^ (2.3-6) 

♦The filter covariance is the filter-generated estimate of the variance of 

Xp ; it is not necessarily the true variance of x„. 

— F 
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where is the process noise covariance matrix used in the filter model. 
The filter covariance after the measurement update is 

<2.3-7) 

In order to apply Eqs. (2.3-5) through (2. 3-7); Pp(0), R^, , and Qp must 
be provided for the filter model along with (F„ H ). ^ ^ 

The truth model (Fg, Hg) upon which the error budget is based 
is a detailed model of both the navigation system dynamics and the real- 
world environment. The truth model includes all important error sources 
which affect the navigation system performance, including those which 
were omitted from the filter model. Because the error budget is con- 
cerned with navigation errors, the truth model can be linearized about the 

nominal system state. This yields a set of linearized -covariance equations 
for the system errors. 

Figure 2.3-1 is a conceptual representation of the mathematical 
structure of all truth models used in this study. An n-dimensional system 


K-»047 



REAL WORLD ERROR MODEL (n-dimcnslonol) 


Figure 2.3-1 Truth Model Structure 
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, error state vector, is defined which includes both the filter state 

estimation errors and the navigation error sources . The error state vec“ 
tor propagates between measurement times according to the linear, time- 
varying differential equation 

6xg(t) = Fg(t) 6Xg(t) + Wg(t) (2.3-8) 

where Fg(t) is the system error dynamics matrix and Wg is a zero 
mean, gaussian process noise with 

The measurement residual vector is the same as in Eq. (2. 3-3), but it 
can be expressed in terms of the system error state vector and a random 
measurement noise 

"** — (2.3"10) 

where Hg(t^) is the system measurement matrix and Vg(tj^) is a zero mean, 
gaussian white measurement noise with 

®[^s(WV'^]=\ (2.3-11) 

After the filter update using Eq. (2.3-3^, the system error state vector is 

^s(V ®-s(V (2.3-12) 

where is a gain matrix with n rows. 

TA'] rA'K_(L )‘ 

^ ^ ^ 1/n-m rows\ 

L ^ J L ® J/^of zeros ) 

/ (2.3-13) 
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A is an n X m matrix linearly relating the m filter states to the n truth 
model states. 


The system error budgets presented in Chapter 5 are concerned 
with the variance of the error state vector GXg • Given the Initial condi- 
tion 


[6x 


Pg(0) = E 6xg(0) 6Xg(0) 


■] 


(2,3-14) 


the truth model covariance propagates between measurements by 



(2.3-15) 


where is the error state transition matrix. If Fg(t) is constant be- 
tween and , then 


*k = v] 


(2,3-16) 


The discrete process noise matrix in Eq, (2. 3-15) satisfies 

^+1 

= / exp r)] Qg exp [ Fg(tj^^^- r)j dr 

Sc - 


(2,3-17) 


Truncated matrix exponential series are used in evaluating the transition 
and discrete noise matrices defined above. For update of the system co- 
variance matrix at 
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II 

' - w w 


I - Kg(tj^) Hg(y 

T 






(2.3-18) 

Equations (2. 3-15) and (2.3-18) are time-varying, linear equa- 
tions in the system error covariance, Pg(l)* This fact allows easy com- 
putation of overall system performance by root- sum- squaring separate 
contributions and easy development of the sensitivity curves. The results 
in Chapter 5 are based upon repeated solution of Eqs. (2-3-13) through 
(2.3-18). 
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TRUTH MODELS 


This section describes the "truth models" used in evaluating 
the entry navigation system. * Each truth model description includes a 
list of error sources, a detailed mathematical structure, and a data base. 
The overall mathematical structure is a set of linear differential and 
algebraic equations describing system error propagation, as in Eqs. 
(2.3-13), (2.3-15) and (2.3-18). Most of the detailed structure is given 
in terms of sub-matrices of Eg and Hg, the system error dynamics 
matrix and measurement matrix, defined in Section 2. 3. The data base 

is the set of numerical values used to represent real-world error source 
statistics. 

The analysis of the current baseline Space Shuttle entry navi- 
gation system is undertaken in two phases: 

• Drag-Update phase 

• System E approach and landing 

The drag-update phase commences at 400,000 ft and terminates at the 
end of the blackout - nominally 130,000 ft. The approach and landing is 
initiated at 130,000 ft and terminates at touchdown. The only navigation 
hardware elements common to both phases are the KT-70 IMU and the 
AP-101 computer. Detailed error budgets for each phase are generated 

In Chapter 5. The truth models used to compute the error budgets are 
outlined in this chapter. 

*By "truth model, " we mean a mathematical model of all potentially sig- 
nificant sources of error and the way they affect system performance 
in the real world. 
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3.1 DRAG-UPDATE MODEL 

The computer navigation program for the drag-update phase is 
based upon a 13-state Kalman filter (see Chapter 4), The only "externaT’ 
aid operating during the drag-update phase of entry is a drag "pseudo- 
measurement. The pseudo-measurement is a drag acceleration meas- 
urement constructed from the IMU accelerometer outputs. The "meas- 
ured" drag acceleration is compared with the expected drag acceleration 
computed from a nominal atmospheric density model, a nominal estimate 
of the Shuttle drag coefficient, and the current, estimate of position 
and velocity. Although drag acceleration is not a state variable in the 
Kalman filter,* a measurement matrix, , is constructed which relates 
the difference between the measured and expected drag accelerations to 
the error in the position and velocity estimates. The Kalman filter util- 
izes this Hp to update the position and velocity estimates (Section 4.2). 
The corresponding measurement matrix, Hg, for the truth model is de- 
rived in Appendix C. 

3.1*1 States and Error. Sources 

Incorporation of a drag pseudo-measurement into the drag- 
update filter requires both the pseudo- measurement and a drag acceler- 

i 

ation prediction based upon the current filter state estimate. The pseudo- 
measurement of drag acceleration is defined in Appendix C as 

Ws® = . (3.1-1) 

C • 

where (t) is a unit vector in the direction of the computed relative 
c 

velocity, and AV(t) is the velocity change Over the last At sec as 
V 

The filter does include one "drag correlated error" state designed to 
account for non-standard atmosphere and aerodynamics, etc. 
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measured by the IMU. The computed drag acceleration based upon the 
filter estimates of position and velocity is 


= i Cd ft) 4 '^cft^ ft) 

• c c 


where Cj) (t) is the computed drag coefficient for the Space Shuttle, A is 
its cross-sectional area, and m is its mass. p^(t) and Vj^^(t) are the 
computed atmospheric density and relative velocity, respectively. The 


difference between *^red^^^ residual which the drag- 

update filter uses to improve the filter state estimates [see Eq. (2.3-4)]: 


6ZQ(t) = q (t) - q ,(t) 
S^ ^meas^' ^pred^ ' 


The accuracy of the drag-update filter is determined by the 
accuracy of the state estimate propagation between updates, and the accu- 
racy of Qjjjgagft) ^pred^^^ in the updates. The error in the 
propagation is due to the standard IMU error sources. The error in 
q^^^agW is due to the standard IMU acceleration error sources and to 
factors which contribute to errors in the computed unit relative velocity 

vector, iyo (t), such as: 
c 

• position errors 

• velocity errors 

• atmospheric winds 

The error in is attributable to these last three error sources, 

and in addition to : 

• atmospheric density modeling errors 

• drag coefficient modeling errors 

The measurement sensitivities to the various error sources are developed 
in Appendix C. The truth model states and other error sources used in 
evaluating the drag-update filter are listed in Table 3.1-1, which divides 
them into three categories: 
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TABLE 3.1-1 

DRAG-UPDATE TRUTH MODEL 
STATES AND ERROR SOURCES 


ERROR SOURCE NAMES 

NUMBER 

OF 

STATES 

NUMBER OF 
ERROR SOURCES 

I. 

ESTIMATED STATES AND 
UNCORRELATED NOISES 




Group 1* 





Position Errors 

3 

•3 


Velocity Errors 

3 

3 


Plalform Misalignments 

3 

3 


Accelerometer 'Biases' (First-Order 
Markovs) 

3 

3 


Correlated Measurement Error (First- 
Order Markov) 




Drag 

1 

1 


Uncorrelated Measurement Noise 




Drag . 

- 

1 


INS Quantization Noise 

- 

3 

n. 

NON-ESTIMATED. IMU-RELATED STATES 

■ 



Group la, 

True Platform Misalignments 

3 

3 


Greup 2. 

Accelerometer True Biases 

3 

3 


Group 3. 

Accelerometer Scale 
Factor Errors 

3 

'3 


Group 4. 

Accelerometer Misalignments 

6 

6 


Group 5. 

Accelerometer Nonllnearlties 

.3 

3 - ■ 


Group 6. 

Crarilational Deflections and 
Anomalies 

3 

3 


Group 7. 

Gyro True Bias Drifts 

3 

3 


Group 8. 

Gyro Mass Unbalances 

6 

6 


Group 9. 

Gyro Anisoelastlcitles 

3 

' 3 

m. 

NON-ESTIMATED. DRAG RELATED STATES 




Group 21.- 

Non-Standard Density 

1962 Standard Atmosphere Error 

1 

1 



Time-Varying Bias 

1 

1 



First-Order Markov 

1 

1 


Group 22. 

Non-Standard Wind 





Westerly (Time-Varying Bias) 

1 

1 



Headwind (First-Order Markov) 

1 

1 



Crosswind (Second-Order Markov) 

2 

1 



Turbulence (First- and Second- 
Order Markovs) 

5 

3 


Group 23. 

Non-Standard Aerodynamics 
Flrst-Ordef Markov 

1 

1 

Totals 

59 

60 
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• The 13 estimated states and uncorrelated measure- 
ment and process noises. 

® Non-estimated states related to the inertial system. 

9 Non-estimated states related to the drag accelera- 
tion pseudo-measurement (q (t) and q ,(t)). 

^meas ^pred 

Error budget results corresponding to the first category are 
generated using a truth model structure (Fg, Hg) which is similar to the 
filter error model structure — the principal difference is in the definition 
of and Hg. Results corresponding to the other two categories are 
generated using a higher-dimensional truth model, which contains the 
basic 13-state structure plus other states representing time-correlated 
error sources not modeled explicitly in the filter design. For the base- 
line navigation system, these additional error source's are divided into a 
total of 23 groups. (The group numbers are consistent with those used in 
Ref. 1), Only those groups which affect the drag-update phase are sum- 
marized in Table 3, 1-1. 

The drag-update truth model requires a 13 x 13 filter dynamics 
matrix, F^, , and a 59 x 59 system matrix, Fg . These matrices, as 
well as the transformation matrix A, are defined in Appendix E. The 
measurement matrices Hg and H^,, as defined in Appendix C and Sec- 
tion 4.2, respectively, complete the definition of the truth model. 

3.1.2 Truth Model Data Base 

In this section numerical values are assigned to the drag-update 
truth model matrix elements describing error source statistics. Most of 
these values are elements of the following matrices: 

Pg(0) - the initial system (real-world) error 

covariance matrix 
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the system process noise matrix 

Rg — the pseudo-measurement noise 
variance 

In addition, however, there are elements of Fg which must be defined. 
Typically, these are diagonal elements of Fg which define the correlation 
times of markov processes. These elements of Fg and corresponding 
elements of Pg(0), Hg, and Qg are normally chosen together to define 
markov processes with desired properties. If the markov processes are 
nonstationary, the appropriate elements of Fg, Hg, and Qg may be 
time-varying. The details of these manipulations are found in Appendices 
C, D, and E. 

Values are not given in this section for the Group 1 (estimated) 
first-order markov states. These are the estimated platform misalign- 
ments, acceleration errors, and drag correlated error. The truth model 
structure distinguishes between these estimated states and the ^ 'tnie " states 
modeled in Groups la through 23. The time constants associated with the 
Group 1 states are identical to those assigned by the drag-update filter 
(Section 4.2), but the truth model assigns them a zero initial covariance 
and no process noise. 

The elements of Fg associated with the standard IMU error 
sources (Groups la through 9) are assigned in Appendix E. The remain- 
ing task associated with these error sources is to determine Pg(0) at 
entry interface. 

The 9x9 portion of Pg(0) associated with position, velocity, 
and true misalignment errors was based upon Table C-III-c in Ref. 10. 

The 9x9 matrix represents error statistics at entry interface following 
a "one-rev" mission in which pure inertial navigation is used from launch 
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through to entry interface. The IMU model used in Ref. 10 is the KT-70; 
the assumed prelaunch alignment technique consists of gyrocompassing for 
azimuth alignment and accelerometer tilt leveling. The 9x9 error covari- 
ance matrix given in Ref. 10 was corrected to reflect the calibration and 
alignment errors at launch as given in Ref. 13 -- these errors are sum- 
marized in Groups 1 through 4 and 7 through 9 in Table 3.1-2. Reference 
10 did not consider accelerometer nonlinearities (Group 5) or gravity de- 
flections and anomalies (Group 6). 


TABLE 3.1-2 

DRAG-UPDATE TRUTH MODEL DATA BASE 
FOR IMU-RELATED ERROR SOURCES 


Error Source 

Standard Deviation 

E&ta Source 

Group 1, 

INS, Qoantlzation Error 

J.O cm/sec 

Rel. 13 

Croup 2« 

Accelerometer Biases 

50pg 

Ref. 13 

Group 3. 

Accelerometer Scale Factor 

40 ppm 

Ref. 13 

Group 4 . 

Accelerometer Misalignments 

1 5 sTc 

Ref. 13 

Group S. 

Accelerometer Nonllncarllies 

3.5pg/g® 

Ref. 13 

Group 6. 

Gravity Dcnectlons and 

8 sec 

Ref. 14 


Anomalies* 

67 mgal 

Group 7. - 

Gyro Bias Drifts 

0. OJ 5 deg/hr 

Ref. 13 

Group 8. 

Gyro Mass Unbalances 

0.025 degAr/g 

Ref. 13 

Group 9. 

^ ^ 

Gyro Anlsoclasticllles 

0.025 degAr/g2 

Ref. 13 


Sea level values are specified here. The truth model data 
base uses the sea level values and the model in Ref. 14 to 
provide standard deviations and correlation times as a 
function of altitude. 

The truth model states for gravity deflections and anomalies 
are considerably more detailed than they appear to be in Table 3,1-2. 
The standard deviations specified correspond to the errors at sea level 
for a crude on-board gravity model. The model in Ref. 14 provides for 
attenuation of the magnitude of the errors as a function of altitude, e. g. , 
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at 250, 000 ft the standard deviations have been attenuated by a factor of 
three. The model also relates the correlation distance to altitude. 

The error sources in Groups 21 through 23 can be divided into 
two categories: 

• time-varying biases 

• stationary or nonstationary markov processes 

Models for non-standard atmospheric density errors (Group 21) and non- 
standard wind errors (Group 22) are developed in Appendix D, For both 
time-varying biases and the nonstationary markov processes, Appendix D 
assigns a variance for the individual error sources as a ftinction of alti- 
tude, latitude, and season — in the latter case correlation times are also 
expressed as a function of altitude, latitude, season, and flight-path angle* 
The parameter ranges for these error models are summarized in Table 
3,1-3. 


TABLE 3.1-3 

DRAG- UPDATE TRUTH MODEL DATA BASE 
FOR DRAG-RELATED ERROR SOURCES 


Error Source 

Standard Deviation 

Correlation Time 
(Distance) 

Data Source 

Croup 21. 

Non-Standard Density 





1962 Standard Atmosphere Error 

0-21% 

— 

Rg. 3.1-1 


'Time-Varying Bias 

4-49% 

— 

Rg. 3.1-2 


Rrst-Order Markov 

2-6% 

(14 - 270 nm) 

Table D-2 

Croup 22. 

Non-Standard Wind 


- 



Westerly (Time-Varying Bias) 

0 - 295 ft/sec 

— 

Rg. 3.1-3 


Headwind (First-Order Markov) 

40-110 ft/sec 

(270 nm) 

Rg. D-4 


Crosswind (Second-Order ^rkov) 

40 - 110 ft/sec 

(270 nm) 

Rg. D-4 


Turbulence (first- and Second- 
Order Markovs) 

13 ft/sec 

(1750 It) 

Appendix D 

Croup 23. 

Variations 

5% 

100 sec 

- 
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Only turbulence and (drag coefficient) variations are modeled 
in Table 3. 1-1 as stationary niarkov processes; the range of values for the 
nonstationary processes is indicated in the table. The correlation time for 
the Cj) variation has not been documented in the literature. In composing 
the drag-update error budget, Cjj variations were assumed to be either a 
stationary markov process with a correlation time of 100 sec (Group 23) or 
a white random sequence (drag measurement noise in Group 1). Three of 
the error sources are modeled in Table 3.1-1 as time-varying biases 
rather than true random processes. These are: 

• errors in the drag-update filter model 
of the 1962 Standard Atmosphere 

• season- and latitude -dependent (time- 
varying) density bias 

® westerly wind 

-- s 

The models developed in Appendix D for these error sources are sum- 
marized in the remainder of this section. 

Altitude profiles for the drag-update filter density modeling er- 
ror are shown in Fig. 3. 1-1 for two different onboard density models — 
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the models are defined in Section 4.2. The density modeling errors are as 
great as 21% at 145, 000 ft for the one-term model and 7% at 250, 000 ft 
for the four-term model. Navigation errors due to both models are deter- 
mined in Chapter 5. 

The time-varying density bias exhibits both latitude- and 
season-dependence. Altitude profiles for both summer and winter are shown 
in Figs. 3. l-2a and 3. l-2b respectively as percent deviations from the 1962 
Standard Atmosphere. Dashed lines on the profiles denote the mean density 
deviations corresponding to the reference mission 3B altitude-latitude pro- 
file. In both instances the deviations are greatest when the Shuttle is at high 
altitudes and high latitudes. Both models are analyzed in Chapter 5, 

The mean westerly wind is also both season- and latitude- 
dependent, The season-dependence is shown in Fig. 3.1-3. Figure 3.1-3 
was constructed explicitly for the reference mission 3B trajectory, it is not 
directly applicable to nonpolar entry trajectories. For reference, the stan- 
dard deviation for the westerly wind is also indicated in Fig, 3,1-3. This 
is the same standard deviation indicated for the headwinds and crosswinds 
in Table 3. 1-3^ Again, navigation errors resulting from both profiles are 
analyzed in Chapter 5, 

t 

The non-standard atmospheric density and non-standard wind 
models summarized in this section provide a realistic statistical descrip- 
tion of the individual drag-related error sources which affect the drag- 
update filter performance. Certain physical correlations, such as the cor- 
relations between wind and short term (first order markov) density devia- 
tions, were omitted from the error models; however, it is not expected that 
inclusion of these correlations would alter the performance analysis in 
Chapter 5 significantly. The correlations can be added for applications in 

which a more detailed model of atmospheric properties is necessary. 

/ 

/ 

/ 
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0 25 50 


DEPARTURE FROM 1962 STANDARD DENSITY {%] 

Figure 3.1*2a Time-^Varying Density Bias for June-July 


Given as Percent Departure from 1962 
Standard Atmosphere 



-so -25 0 • 25 

• DEPARTURE FROM 1962 STANDARD DENSITY (%) 


Figure 3.1-2b Time-Varying Density Bias for December- 

January Given as Percent Departure from 
1962 Standard Atmosphere 
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VELOCITY (ft/«c) 


Figure 3.1-3a Mean Zonal (Westerly) Wind in 

July for Reference Mssion 3B 
Entry 



January for Reference Mission 
3B Entry 
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3.2 SYSTEM E MODEL 

The external aids used in System E are the drag pseudo- 
measurement, TACAN, a baro altimeter, a radar altimeter, and MLS. 
With minor exceptions, the measurement sequence defined in Chapter 2 
is structured such that one range measuring device, one bearing measur- 
ing device, and one altimeter are always operating-- during MLS, altitude 
is derived from elevation angle and range measurements. The computer 
navigation program includes a variable-dimension Kalman filter with be- 
tween 6 and 15 states. A total of 19 different state variables are used in 
the filter. 


3.2.1 States and Error Sources 

The truth model for System E includes the truth model states 
and other error sources of the drag-update phase, and also includes states 
and error sources required to model the accuracy of the additional exter- 
nal navigation aids* The truth model states and other error sources used 
in evaluating the System E filter are listed in Table 3.2-1, which divides 
them into three categories: 

• The 19 estimated states and uncorrelated measure- 
ment and process noises. 

• Non-estimated states related to the inertial system. 

• Non-estimated states related to the external navi- 
gation aids. 

Error budget results for System E are generated similarly to 
those for the drag-update phase. The principal difference is that the truth 
model structure (Fg, Hg) for Group 1 is variable-dimensioned in a man- 
ner similar to that of the navigation system Kalman filter. Results 

/■ 
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TABLE 3.2-1 

SYSTEM E TRUTH MODEL STATES 
AND ERROR SOURCES 




ERROR SOURCE NAMES 

. NUMBER 
OF 

STATES 

NU^roER OF 
ERROR 
SOURCES 

I. ESTIMATED STATES AND 

UNCORRELATED NOISES 



Group 1. 



Position Errors 

3, 

3 

Velocity Errors 

3 ' 

3 

Platform Misalignments 

3 

3 

Accelerometer 'Biases* (First- 
Order Markovs) 

3 

3 

Correlated Measurement Errors 
(First-Order Markovs) 



Drag 

1 

X 

TACAN 


2 

Baro Altimeter ' 

! 

t 

Radar Altimeter 

1 

1 

MLS 

3 

3 

Uncorrelated Measurement Notse 



Drag 

'r ' 

1 

TACAN 


2 

Baro Altimeter 


1 

Padar Altimeter 

- • 

1 

MLS 

- 

3 

INS Quantization Noise 

- 

3 

n. NON-ESTIMATED. IMU- 

RELATED STATES 



Croup la. True Platform 
Misalignments 

3 

3 

Group 2. Accelerometer True Biases 

3 

3 

Group 3. Accelerometer Scale Fac- 
tor Errors 

3 

3 

Group 4. Accelerometer MisallgnT 
ments 

6 

6 

Group 5. Accelerometer Nonlln- 
earitles 

3 

3 

. Group 6. Gravitational Deflections " 
and Anomalies 

3 

3 

Group 7. Gyro True Bias Drifts 

3 

3 

Group 8, Gyro Mass Unbalances • 

6 

6 

Groups. Gyro AnlsoelastlcUies 

3 

3 
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TABLE 3.2-1 (Continued) 

SYSTEAl E TRUTH MODEL STATES 
AND ERROR SOURCES 


ERROR SOURCE NAMES 

in. NON-ESTIMATKD, EXTERNAL AID 

RELATED STATES 

Group 10. 

TACAN Range Bias Error 
First-Order Markov 

Group 11. 

TACAN Range Scale Factor 

Group 12. 

Baro Altimeter Errors 
Bias 

Scale Factor 
First-Order Markov 


Static Delect 

Group 13. 

MLS Time-Varying Biases 
Range Bias 

Range Scale Factor 

Azimulh 

Elevation 

Group 14. 

MLS Second-Order Markov 

Range 

Azimuth 

Elevation 

Group 15. 

Radar Altimeter Errors 
Bias Error 


First-Order Markov 

Group 16. 

TACAN Survey Errors 

Group 17. 

MLS Survey Errors 

Croup 19. 

TACAN Bearing Bias Error 
First-Order Markov 

Group 20. 

MLS Timing Errors 
Bias 

Group 21. 

Non-Standard Density 
1962 Standard Atmosphere Error 
Time-Varying Bias 
First-Order Markov 

Group 22. 

Non-Standard Wind 
Westerly (Time-Varying Bias) 
Headwind (First-Order Markov) 


Crosswind (Second-Order Markov) 

Turbulence (First- and Second- 
Order Markovs) 

Group 23. 

Non-Standard Aerodynamics 
First-Order Markov 

Totals 



NUMBER 

OF 

STATES 
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corresponding to Groups la through 23 are generated using a higher 
dimensional truth model, which contains the basic variable-dimensioned 
Kalman filter plus other states representing time-correlated error sources 
not modeled explicitly in the filter design. The group numbering system is 
consistent with that used in the drag-update phase evaluation. 

The System E truth model requires a variable-dimension filter 
dynamics matrix, , and a 100 x 100 system matrix, Fg. These 
matrices, as well as Hg, and A, are defined in Appendix E. 


3,2.2 Truth Model Data Base 

The general discussion in Section 3.1.2 pertaining to the drag- 
update phase data base appHes to System E and is not repeated here. The 
principal difference is that System E includes truth model states and error 
sources related to TACAN, a.baro altimeter, a radar altimeter, and MLS 
which did not appear in the drag-update phase data base. The necessary 
additions to the drag -update data base are made in this section. 

The initial covariance matrix , Pg(0), for System E is the final 

covariance matrix at 130, 000 ft for the drag-update phase analysis. The 

error sources'for System' E which are not present in the drag-update phase 
include measurement noise (Group 1), and biases and correlated random 
errors (Groups 10 through 20) for the new sensors. The numerical values 
selected for these error sources are summarized in Table 3.2.2. 

The uncorrelated measurement noises in Group 1 are used to 
model receiver noise from a variety of sources. For the radar altimeter, 
the principal source is a quantization error; for TACAN range, it is the 
ability to estimate the return pulse arrival time, etc. The measurement 
noise variances for each sensor are constant. 
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TABLE 3. 2-^2 


'T 




JO ^ 
& 


SYSTEM E TRUTH MODEL DATA BASE 
(WHERE DIFFERENT FROM THE DRAG-UPDATE PHASE) 


• EFROR SOURCE 

STANDARD DEVIAnON 

TIME CONSTANT 

DATA SOURCE 

Croup 1. 

TACAN Range Measurement Noise 

100 ft 


Ref. 11 


TACAN Bearing Measurement Noise 

6 mrad 


Ref. 11 


Daro Altimeter Measurement Noise 

5ft 


Ref. 4 


Radar Altimeter Measurement Noise 

1 ft 


Ref. 1 


MLS Azimuth Measurement Noise 

0.1 mrad 


Ref. 15 


MLS Elevation Measurement Noise 

0.1 mrad 

to* 

Rof. 15 


MLS Range Measurement Noise 

17 ft' 

— 

Ref, 15 

Group 10. 

TACAN Range Markov 

385 ft 

300 see 

Rof. 11 

Group 11. 

TACAN Range Scale Rictor 

. 100 ppm 

- 

Ref. 11 

Group 12. 

Baro Altimeter Errors 





Dias 

100 ft 

m 

Ref. 4 


Scale Factor 

Z% ot alt 


Ref. 1 


Static Defect 

, 1.52 X 10“^ fl/ft2/eec® 

.m 

Ref. 1 


Rrst-Order Markov 

20 ft 

100 see 

Ref. 4 

Group 13. 

MLS Time-Varying Biases 

. 




Azimuth 

0.4 mrad 


Ref. 15 


Elevation 

0.4 mntd 

4» 

Ref. 15 

• 

Range Bias 

8ft 

• • 

Ref. 15 


Range Seale Factor 

400 ppm 

m 

Ref. 15 

Group 14. 

MLS Second-Order Markov 





Azimuth 

0.2 mzad 

4 sec , 

Ref. 15 


Elevation 

0.2 rarad . 

4 sec 

Ref. 15 


„ Range 

17 ft 

4 see 

Ref. 15 

Group 15. 

Radar Altimeter Errors 





Bias 

1ft 

• 

Ref. 1 


First-Order Markov 

in 

1.5 seu 

Ref. 1 

Croup 16. 

TACAN Survey Errors 

ift 

m 

Ref. 16 

Group 17. 

MLS Survey Errors 

la 

m 

Ref. 16 

Group 19. 

TACAN Bearing Markov 

6 mrad 

2x10^ ftA« 

Ref. 11 

Group 20. 

MLS Timing Errors 

SO msec 


Ref. 15 
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The TACAN range correlated errors are separated into a 
first-order markov, scale factor, and survey errors (Groups 10, 11, and 
16, respectively). The markov process represents the combined errors 
in calibrating both the airborne and ground equipment. The scale factor 
components represent the inaccuracies in calibrating the index of refrac- 
tion. Values ranging from 10 parts per million to 100 parts per million 
have been mentioned in the literature, varying with the extent to which 
knowledge of local atmospheric conditions and measurement geometry is 
used in the calibration procedure. Survey errors represent inaccuracies 
in knowledge of the groimd transponder locations relative to the runway. 
Since, in this case, the devices are nearby, small survey errors are ex- 
pected. 

The TACAN bearing correlated errors are modeled as first- 
order markov and survey errors (Groups 19 and 16, respectively). The 
markov process Is due primarily to a bending of the radiated constant 
bearing lines due to multipath effects. The time constant for the error 
is proportional to the Space Shuttle relative velocity and is somewhat longer 
than that suggested in Ref. 11. The survey errors are treated as distinct 
from the TACAN range errors because different antennae are involved. 

Baro altimeter correlated errors (Group 12) are separated into 
bias, markov, scale factor, and static defect components. Values for the 
bias and markov components are taken from Ref. 4, which treats a baro- 
inertial- transponder system involving overflight of a transponder. In that 
case (the CLASS filter evaluation study) it was found to be important to in- 
clude the markov state to account for moderately rapid changes in local 
weather conditions. Values for the scale factor and static defect compo- 
nents are taken from Ref. 1, which discusses them in the context of the 
Space Shuttle landing problem. 
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Models for the radar altimeter correlated errors (Group 15) 
have not been well established. The selection of bias and first-order 
markov errors was made in order to account for instrument errors and 
terrain variations. A scale factor error was not included in the model 
because of the low altitude at which the altimeter is to be used. 

The basis for the MLS correlated error models (Groups 13, 14, 
and 17) is Ref. 15. The errors for each of the three sensors are separa- 
ted into bias and second-order markov errors. In addition^ a scale factor 
error is modeled for the MLS DME. The biases in the MLS azimuth and 
elevation measurements are attributable to errors in the antennae sweep 
angles and to angle pickoff errors; the bias in the MLS DME measurement 
is primarily due to hardware timing delays. The MLS DME scale factor 
error is a function of the measurement signal-to-noise ratio. For all 
three sensors, the second-order markov error models multipath effects. 
The four sec "correlation time" chosen for the second-order markov satis- 
fies the model given in Ref. 15. 

Measurements from each of the external sensors are subject to 
timing errors if the measurements are not accurately time tagged. In 
most instances the effect of the timing error can be included in the instru- 
ment bias model. A timing delay for MLS is included in the truth model 
(Group 20) to provide an indication of the magnitude of timing-induced 
errors relative to other error sources. 
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4. FILTER COVARIANCE AND 

GAIN CALCULATIONS 


Two of the preliminary steps required prior to performing er- 
ror budget calculations are the detailed definition of the filter which forms 
part of the system and the preparation of a filter covariance program. 
This program contains the covariance update and propagation algorithms 
specified by the filter designer and generates a sequence of gain vectors 
corresponding to a particular trajectory and measurement schedule. 

This sequence is saved on tape and repeatedly used by the truth model 
covariance program In generating the system error budget. Presented 
below are the specific algorithms used to represent the filter gain cal- 
culations corresponding to the navigation system evaluated in this study. 

The detailed structure of the two phases of the navigation sys- 
tem — the drag-update phase and System E — are presented separately 
in Sections 4.2 and 4. 3^ respectively. The general structures of the 
navigation filter and of the filter covariance program are presented in 
Section 4,1. 


4-1 FILTER STRUCTURE 

Figure 4.1-1 is a macro flowchart indicating the overall organ- 
ization of the filter covariance program. The principal inputs are the 
starting time, t^, the initial filter covariance matrix, , and the 

nominal Space Shuttle trajectory. The principal output is the file of gain 
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Figure 4.1-1 Filter Covariance Program Flow Chart 
(Drag-Update Phase and System E) 
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vectors to be used by the truth model covariance program. At the alti- 
tudes of 130,000 ft (t = and 12,000 ft (t = Tg^), the current 

Pp matrices are punched on cards. This gives the capability of re- 
starting the program at the end of blackout, and the beginning of the final 
approach and landing, respectively. 

The navigation filter is a variable -dimension Kalman filter with 
between 6 and 15 states. A maximum of three of the states are bias states 
associated with the operating external navigation aids (TACAN, etc.). As 
each new navigation aid is acquired, the filter is restructured and bias 
states are associated with that navigation aid. The exception is that no 
bias states are associated with the radar altimeter. 

The navigation filter is implemented using the discrete time 
covariance formulation with exact process noise. The covariance propa- 
gation between measurements is accomplished using the "average G" 
numerical integration filter (Ref. 17). The covariance matrix is propa- 
gated only to the beginning of the final approach — which occurs at a 
nominal altitude of 12,000 ft (t == Tg^). Below 12,000 ft, three differ- 
ent filter configurations are analyzed. The configuration indicated in 
Fig. 4.1-1 computes MLS gains below 12,000 ft based upon a 6 x 6 sub- 
matrix of Pp saved from 12,000 ft -- a pre-stored gain schedule is used 
for the radar altimeter. There are no covariance reinitializations during 
entry . 


At each measurement time, a sequence of filter gains are 
computed corresponding to a sequence of scalar measurements. For 
every measurement except radar altimeter measurements, the gain vec- 
tor is calculated using 

Kp(tjj) = V “70 v) 
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where is the appropriate scalar measurement matrix, is the 

covariance just prior to the measurement, u„« is a scalar measurement 

♦ 2 ^ 

underweightlnp; factor , and C7^ is the assumed measurement noise var- 
iance* 

At altitudes above 12,000 ft, the filter gains are used to se- 
quentially update the filter covariance in accordance with 

Hp{tj^PF(tj^) (4.1-2) 

The covariance is then propagated forward to the next measurement tim- 
ing using the standard formula presented in Section 2.3: 

Equations (4. 1-2) and (4. 1-3) are not executed below 12,000 ft. 


4.2 DRAG-UPDATE FILTER 

The navigation filter for the drag-update phase is a 13- state 
Kalman filter. The general structure of the filter is: 

State Numbers Variables 


1-3 

Position 

4-6 

Velocity 

7-9 

Misalignment angles 

10 - 12 

Acceleration errors 

13 

Drag correlated error 


♦The scalar UrjQ is normally unity, but has the value 1,2 during the 
early portion of the trajectory (see Ref. 5). 
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The time constants and measurement noise for states 7 - 13 are sum- 
marized in Table 4.2-1, 


TABLE 4.2-1 

FILTER STATE AND MEASUREMENT ERROR STATISTICS 
FOR DRAG-UPDATE PHASE* 



Correlated Error (Filter State) 

Measurement 

Noise 

standard 

Deviation 

Correlation 

Time 

(sec) 

Standard 

Deviation 

Misalignment. 

1 mrad 

600 

— 

Acceleration 

0.0017 ft/sec 

60 

— 

Drag 

30% of drag 

60 

. 5% of drag 


States 7-13 are generalized error states and do not corre- 
spond precisely to physical error sources. The misalignment states 
differ from true IMU misalignment angles in that they do not have an in- 
finite time constant; the acceleration states differ from true acceler- 
ometer biases because of the time constant and because they are defined 
in an inertial coordinate frame (Appendix E). The drag correlated error 
state is intended to account in a general manner for all error sources 
which directly affect either the drag pseudo-measurement or the pre- 
dicted drag computation. The rationale behind selecting the values in 
Table 4.2-1 was to yield a filter covariance matrix which is reasonably 
consistent with the true navigation errors. 

An initial covariance matrix for the entry interface at 400,000 ft 

has been provided by CSDL (Ref. 18). The matrix is the filter covariance 

♦Data from Ref. 7 and personal communication with B . Krieesman of 
CSDL. 
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matrix at entry interface for the Shuttle reference mission 3A abort. This 
is a single orbit mission launched from Vandenberg Air Force Base into a 
50 by 100 nautical mile orbit with an inclination of 104°. The filter co- 
variance matrix was propagated from launch with no reinitializations. 


The filter state noise matrix used to propagate the filter co- 
variance during the drag-update phase is defined by 


Qi 


k 



(4.2-1) 


where At is the update interval (2 sec), s^ is a 3 x 3 matrix 


0 0 


0 a. 
0 


q 

0 a 


(4.2-2) 


and Sj, j =7 


. 13, are scalars 


s, - ,f(l- 


-2At/rjj 


(4.2-3) 


The value of suggested by CSDL personnel is 

= 0.001 (ft/sec)^ 


4-6 



THE ANALYTIC SCIENCES CORPORATION 


. The values of o. and are the entries in Table 4. 2-1 for the appro- 
priate filter states. 


The only external aid used during the drag-update phase is 
the drag acceleration pseudo-measurement defined in Appendix C — one 
pseudo-measurement is processed every 2 sec. The measurement matrix 
used in the gain computation and to update the filter covariance was taken 
from Ref. 19: 



T 

... T 


drag correlated 



i ^Vr 

1 

t 

1 random variable 


1 

cr . 

m 

o n 

i 

1 0 

1 

. i —r— 


where are computed unit vectors along the vertical and 

the relative velocity, respectively, Yj^(t) is the computed relative velocity, 

and h is a scale height (see below). The predicted drag 
sc . 


c c . 


(4.2-5) 


is based upon onboard models of the aerodyhamic drag coefficient and the 
atmospheric density. 


The onboard drag coefficient model from which (t) is com- 

c 

puted was provided in tabular form by JSC (Ref. 20). The model is a func- 
tion of Mach number and angle of attack. The values of the cross-sectional 
area, A, and the mass, m, used by JSC to generate the reference trajec- 
tory were also provided. 


The onboard atmospheric density model for the navigation fil- 
ter was assumed to be a simple exponential 


Pc(‘) = PQ ® 



(4.2-6) 
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. where h (t) is computed altitude. Two different variations of the model 
were considered: 

• Single values of hg^, and pQ were chosen 
(1-term model). 

• Values of and Pq were chosen for different 
altitude layers (4-term model). 

The models were obtained from Refs. 5 and 21 , respectively. The co- 
efficient values used are summarized in Table 4.2-2. The resulting er- 
rors in modeling the 1962 Standard Atmosphere were illustrated in 
Fig. 3.1-1. 

TABLE 4.2-2 

COEFFICIENT VALUES FOR 
ATMOSPHERIC DENSITY MODELS 


Model 

1-Term Model 

4-Term Model 

Altitude 

100,000- 
270,000 ft 

100,000- 
150,000 ft 

i50,000- 
200,000 ft 

200,000- 
230,000 ft 

230,000- . 
270,000 ft 

Scale Height 

h (ft) 
sc 

24018. 

22104. 

26590, 

26170. 

21206. 

Sea Level 
Density 

Pq (Elugs/ft^) 

0.00215 

B 

0.00097 

0.00110 

0.00860 


The filter covariance program based upon the 13-state filter 
outlined above has been exercised over the trajectory and measurement 
schedule outlined in Chapter 2. The time history of the filter^indicated 
performance is summarized in Table 4.2-3. RMS values of position and 
velocity components in the V frame (vertical, downrange, crossrange; see 
Appendix A) are given at key times — at entry interface, just before and 
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TABLE 4.2-3 

DRAG-UPDATE PHASE FILTER -INDICATED PERFORMANCE 


Event 

(see 

Table 2.2-1) 


RMS PosIMon Errors (ft) 

RMS Velocity Errors (ft/sec) 

V 

DR 

CR 

V 

DR 

CR 

To 

0 

5571. 

26073. 

7774. 

27.52 

5.40 

4.31 


312." 

4975. 

27447. 

8523. 

29.48 


1.06 

^DRAG 

312.'^ 

4123. 

26497. 

8524. 

28.53 


1.05 

"^TACAN 

1432." 

4885. 

16780. 

9034. 

18.34 

15.70 

16.51 


after the first drag pseudo-measurement, and at the end of the drag-update 
phase. The results given in Table 4.2-3 represent what the navigation sys - 
tem performance would be if the 13- state filter model were a completely 
accurate representation of real-world dynamics. The results given in 
Section 5.1 are a projection of the performance of the 13-state filter in a 
59-state model of the real world. 


4.3 SYSTEMS 

The navigation filter for System E is a variable-dimension 


Kalman filter with between 6 and 15 
filter is: 

State Numbers 

1 - 3 
4-6 
7-9 
10 - 12 

13 

14 

15 


states. The general structure of the 


Variables 

Position 

Velocity 

Misalignment angles 
Acceleration errors 
Baro altimeter, drag, or elevation 
correlated error 
Range correlated error 
Azimuth correlated error 
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States 1 through 12 are defined precisely as they were for the drag- 
update filter. States 13 through 15 are correlated measurement errors. 
As a new sensor is acquired, one of the measurement error states is 
reinitialized and associated with that sensor -- the exception is that no 
bias states are associated with the radar altimeter. The precise filter 
state schedule is indicated in Fig. 4.3-1. The correlation times for 
states 7 through 15 and the measurement variances are summarized in 
Table 4.3-1. 

. . n>ti30Si 

ACriTVIOE tJO.CCOfT 100,000 PT 30,000 FT 13,000 FT 13 FT TOUCHDOWN 

i I I II i 


1-6 

u 


POSITION AND VELOCITY. 

3-13 

u 

MISALIGNMENTS AND ACCELERATION 



U— 

DRAG UPDATE 

! eAftO'ALTIP^frtR 1 . 

— — 

MLS ELEVATION 1 

iiSi 

14 

L 

' TACAN OME 

I* iJJ 

.11.. 

MLS CHIC 

16 

r 

L 

TACAN VOB 

*1 1* 

. t . 



ULS AZIMUTH 1 



. . 


^ 


Figure 4.3-1 Schedule for System E Filter States 

The initial covariance matrix for the System E filter is the 
filter covariance matrix at the end of the drag-update phase. The pro- 
cess noise matrbc, , satisfies Eq. (4.2-1) through (4.2-3) with a 
maximum of 15 states. The measurement update interval is 2 sec until 
the beginning of the final approach and landing (t = T^) at 12,000 ft. 
The update interval is then reduced to 0. 5 sec. At the radar altimeter 
turn-on (t = update interval is further reduced to 0. 1 sec. 

Computer duty cycle constraints require that during the 
final approach and landing: 
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TABLE 4.3-1 

FILTER STATE AND MEASUREMENT 
ERROR STATISTICS FOR SYSTEM E 


Measurement 

Correlated Error (Filter State) 

Measurement Noise 

Standard 

Deviation 

Correlation 

Time 

(sec) 

Standard 

Deviation 

Misalignments 

1 mrad 

600 

— 

Acceleration 

0,0017 ft/sec 

60 

— 

Drag 

30% of drag 

60 

5% of drag 

Bare Altimeter 

3% altitude 

200 

0.03% altitude 

Radar Altimeter 

1ft 

CD 

0.1ft 

TACAN DME 

275 ft 

■ 400 

90 ft 

TACAN VOR 

6 mrad 

400 

6 mrad 

MLS DME 

35 ft 

to 

24 ft 

MLS Azimuth 

0.4 mrad 

.» 

0.2 mrad 

MLS Elevation 

0.4 mrad 

GO 

0.2 mrad 


• The System E filter estimate only position 
and velocity (8 states) 

• The filter covariance propagation be eliminated 

Elimination of the covariance propagation implies that, below 12,000 ft, 
the filter gains must be computed from a suboptimal algorithm. A num- 
ber of different algorithms have been proposed. The salient features of 
the algorithm selected for System E are summarized ip Table 4. 3-2. 
Descriptions are also provided of two alternative algorithms analyzed 
in Chapter 5. 

Above 12,000 ft, the System E measurement matrices for all 
external navigation aids are of the form: 
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TABLE 4.3-2 

DESCRIPTION OF GAIN COMPUTATION ALGORITHMS 
FOR FINAL APPROACH AND LANDING* 


SYSTEM E FILTER 

■ ALTERNATIVE 1 

ALTERNATIVE 2 

• . 6 states 

• same as SYSTEM E 

• same as SYSTEM E 

• no Pp propagation 

filter except: 

filter except: 

• Hp computed for MLS 
and radar altimeter 

• MLS gains computed 
from Kalman algorithm 
[Eq. (4. 1-1)] with 15 x 15 

- • MLS gains are those 
computed at 12,000 ft 
(azimuth and elevation 

• MLS gains computed 
from Kalman algo- 
rithm [Eq. (4.1-1)] 
with 6x6 Pjp saved 
from l2,00Crft 

• gain schedule for radar 
altimeter provided by 
CSDL 

Pp saved from 12,000 ft 
(only 6 elements of K„ 
used) * 

gains scaled by range- 
to-go) 

• MLS and IMU bias estl- - 
mates at 12,000 ft used 
to compensate data 




•where is the 1 x 3 partial derivative of the measurement with respect 
to the nominal position, h^ is the partial derivative with respect to the 
nominal velocity, and h^ is the partial derivative with respect to the bias 
states. Below 12,000 ft, is of the form; 

®F = t^p i (4.3-2) 

For all external navigation aids except the drag pseudo-measurement, 
the first six elements of H„ are identical to those of in the truth 
model. The equations for are developed in Appendix E. 


♦ 



All three gain computation algorithms were provided by CSDL (Ref. 9) 

/ 
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The pre-stored gain schedule for the radar altimeter (Ref. 21) 
is used to update vertical position and velocity only. The gains for verti- 
cal position are 



1. -3.Y5 (t - Tj^^) t -Tj^^ ^0.2 sec 
0,25 t "Tj^^ >0.2 sec 


(4.3-3) 


and the gains for vertical velocity are 



-0.1 + 1.5(t-Tj^^) 

0.20 


t -T„ . ^0.2 sec 
RA 

t - T„ , > 0.2 sec 

rCA 


(4.3-4) 


The filter gain matrix Kp(t) is then 


Kp(t) 


■‘p-Ir 

^ c 

\1r w 

c 


(4,3-5) 


where ip (t) is the unit vector along vertical. 

c 

The filter covariance program based upon the System E filter 
outlined above has been exercised over the trajectory and measurement 
schedule outlined in Chapter 2. The time history of the filter-indicated 
performance is summarized in Table 4. 3-3. RMS values of the position 
and velocity components in the V frame (vertical, downrange, cross- 
range; see Appendix A) are given at key times — before and after the 
first measurement from each external navigation aid — down to 12,000 ft. 
Below 12,000 ft, Pp is not computed, and hence, no filter-indicated per- 
formance is available. The results given in Table 4. 3-3 represent what 
the navigation system performance would be -if the System E filter model 
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. TABLE 4.3-3 

SYSTEM E FILTER-INDICATED PERFORMANCE 


Event 

(see 

Table 2.2-1) 

Time 

(sec) 

RMS Position Errors (ft) 

RMS Velocity Errors (ft /sec) 

V 

DR 

CR 

V 

DR 

CR 


1432.“ 

4885. 

16780. 

9034. 

18.34 

15.70 


^ TAG AN 

1432.'^ 

4684. 

6742. 

6063. 

15.81 

14.32 



1550,“ 

4080. 

1013. 


13.49 

8.39 

10.66 

^BA 

1550/ 

2744. 

790. 

|H|[ 

9.75 

6.98 

10.27 


1836.“ 

589. 

311. 

264. 

2.60 

4.18 

2.80 

^MLS 

1836/ 

90. 

136. 

. 185. 

2.12 

2.37 

2.78 


1846." 

91. 

167. 

168. 

1.73 

1.98 

2.76 

^DME 

1846.'^ 

25. 

35. 

32. 

1.29 

1.78 

1,55 

T 

^sw 

1874, 

18. 

36. 

19. 

0,40. 

0.81 

0.46 


1943.5" 

. » 

___ 

- — 


' 

^mmm 

^RA 

1943. S'*’ 

— . 

— 

— 

— 

— 


’■d 

1946. S'*" 


— 

— 

— 

— 



(Table 4.3-1) were a completely accurate description of real-world dynani- 
ics. The results given in Section 5.2 are a projection of the performance 
of the System E filter in a 100- state model of the real world. 
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5. RESULTS 


This chapter presents detailed results for the entry naviga- 
tion system. Overall performance curves are given for the drag-update 
filter and for System E, showing time histories of position and velocity 
errors due to all sources combined. In each case "Baseline Error Bud- 
get" tables are given, showing the contributions of individual error 
sources, or small groups of error sources, at certain times. Smaller 
tables of "Alternative Contributions” are provided, allowing the reader 
to see the effects of different truth model assumptions. Sensitivity curves 
illustrating the effect of variations in the rms value of a given major er- 
ror source (or group of error sources) on ovex'all system performance 
are also given. For System E, the effect of alternative filter configura- . 
tions on overall system performance is also evaluated. Section 5.3 pro- 
vides a general summary, including discussions of how particular groups 
of error sources contribute to the errors in each of the mission phases 
and of filter states which might be safely deleted or altered. 


5. 1 DRAG-UPDATE FILTER EVALUATION 

The navigation error results presented below are for the drag- 
update phase of the reference mission 3B entry as defined in Section 2.1. 
The drag-update phase ends 1432 sec after entry interface at a nominal 
altitude of 130,000 ft. The only external navigation aid during this phase 
is the drag acceleration pseudo-measurement; the measurement schedule 
was defined in Section 2.2. A file of gain values, generated using the 
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filter covariance program outlined in Sections 4. 1 and 4.2, has been 
used repeatedly to compute detailed error contributions corresponding 
to the drag-update phase of this particular trajectory and measurement 
schedule. 


5.1.1 Overall System Performance 


Figures 5.1-1 and 5. 1-2 present overall performance curves 
for the drag-update filter, showing position error components and velo- 
city error components, respectively. The curves plotted represent rms 
errors due to the combined effects of all error source groups in the base- 
line error budget. They were generated by root- sum- squaring individual 
contributions at two-minute intervals (tabulated in Appendix F), At 

the first drag pseudo-measurement is made, the root-sum- 
square calculation was performed both before and after the update. Thus, 
the jumps which occur in certain component errors at this time are ac- 
curately shown. Otherwise, the curves are faired-in over the two- 
minute intervals between the calculated points. . 


At the time of the first drag pseudo-measurements, the verti- 
cal and downrange components of both position and velocity errors in- 
crease. The downrange errors remain essentially constant at the new 
levels; the vertical errors continue to increase for several hundred 
seconds before beginning to decline. Examination of the individual er- 
ror contributions (Appendix F) verifies that the jump is primarily due 
to the effect of non-standard density errors (Group 21) on the pseudo- 
measurement. This suggests that the drag-update filter overweights 
the drag acceleration pseudo-measurement during the initial portion of 
the trajectory. 
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Figure 5.1-1 Drag-Update Phase Overall Performance: Position 



Figure 5.1-2 Drag-Update Phase Overall Performance: Velocity 
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Figures 5. 1-1 and 5.1-2 indicate the performance of the drag- 
update filter, but they do not indicate the overall effectiveness of the 
filter in limiting the growth of navigation errors during entry. This in- 
formation is provided in Table 5. 1-1 by comparing the total projected 
drag-update filter performance at 130,000 ft with the performance of a 
pure inertial navigator * at the same altitude. The truth model for the 
inertial navigator consists of the important IMU-related states in the 
drag-update phase truth model (Groups la through 5 and Y through 9), 
plus the INS quantization noise. The performance was obtained by cor- 
recting the data in Table D-m-c of Ref. 10 for the truth model data base 
given in Table 3.1-2. 


TABLE 5.1-1 

SUMMARY OF DRAG-UPDATE FILTER PERFORMANCE 



/ 

ONE 0 

ERRORS AT 130,000 ft 



Position (ft) 

Velocity (ft/sec) 


V 

DR 

CR 

V 

DR 

CR 

Total Projected Drag-Update 
Filter Performance 

8389. 

14700. 

9723. 

20.97 

6.70 

14,51 

Pure Inertial Navigator 
Performance 

14756. 

21196. 

12184. 

42.01 

9.75 

14.44 

Filter Indicated Drag-Update 
Performance 

4885. 

16781. 

9035. 

18,34 

15.70 

16.51 


The only significant difference between the mechanizations of 
the drag-update filter and the pure inertial navigator is that the drag- 
update filter uses drag acceleration pseudo-measurements to improve 
Us state estimates. Table 5. 1-1 indicates that the navigation errors for 

*A pure inertial navigator uses only an initial state estimate and accum- 
ulated IMU outputs to obtain a current state estimate. 
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the drag-update filter are approximately two-thirds as great as the cor- 
responding pure inertial navigator errors. The drag acceleration pseudo- 
measurement provides an estimate of instantaneous vertical position only; 
the filter uses correlations and trajectory geometry to achieve the indi- 
cated improvements in the downrange and crossrange channels. Table 
5.1-1 verifies that the drag acceleration pseudo-measurement is a poten - 
tially valuable navigation aid and that the candidate drag-update filter ef- 
fectively limits the growth of navigation errors during entry . 

Table 5.1-1 also contains the filter-indicated drag-update fil- 
ter performance at 130,000 ft (see Section 4,2). Comparison with the 
total projected drag-update filter performance indicates that the filter 
Is quite optimistic in its estimate of the vertical position errors — the 
true errors are nearly twice as large as the filter expects, , It is reason- 
able to suspect that this optimistic outlook results in an. underweighting 
of the pseudo- measurements during the final portion of the drag-update 
phase, but more information than Table 5, 1-1 provides is necessary to 
confirm this suspicion. Regardless, it would seem desirable to modify 
the filter to bring the filter-indicated performance more in line with the 
total projected performance. 

The observations made in this section suggest that the drag- 
update filter can be "tuned" to improve its performance. All the filter 
parameters are subjects for optimization and sensitivity studies. Sev- 
eral prospective modifications are discussed in Section 5,3. 

5.1.2 Baseline Error Budget 

System error covariances have been computed for each group 

of error sources over the entire drag-update phase of the reference 

/■ 

/ 




ajectory. total amount of data generated is quite large. In order 

se f H -r at the end of blackout (130, 000 ft) is pre- 

==~~^ 

f=™nce ,s compared ., the bottom o( the mble with the Mter-.„d,eL 

d,; .11, 

tlo„ and Iwl °‘"" ranlrlbulloh. to post- 

non and velocity errors at 130,000 ft. 

attenf numbers have been circled in Table 5. 1-1 to focus 

attention ,„ mujop The «. ,.„e..d ,„ deetdmg wh.eh 

malTd ‘ “' '" whoM 

magnitude ,e pneate, than 20% o, the RMS t.bU to, that colnmn Thus 

•» - - - - 

Examination of Table 5. 1-2 reveals thlat mo 
to aavtoatlon enn.n. a. the end ot the dn.p-„Zl pLZ: 




accelerometer scale factor error (Group 3) 
gyro bias drift (Group 7 ) 
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TABLE 5.1-2 

BASELINE ERROR BUDGET FOR DRAG-UPDATE FILTER 




ERROR SOURCE 

VALUE 

RMS NAVIGATION ERROR AT 130,000 ft 




' VELOCITY (ft/soc) 





V 

DR 

CR 

V 

DR 

CR 

I. 

Estimated States 









Uncorrelated Noise 

5% of drag 

1038. 

995. 

442. 

2.97 

0.46 

0.82 


Quantization Error 

0.0328 ft /sec 

165. 

176. 

167. 

, 0.20 

0.23 

0.20 

n. 

IMU-Related Stales 









2. 

Accelerometer Biases 

50 pg 

648. 


^0^ 

3.72 

@) 



3. 

Accelerometer Scale Factor 
Errors 

40 ppm 





<2.b) 



4. 

Accelerometer Misalign- 
ments 

15 ^ 

1092. 

1536. 

1259. 

3.34 

1.61 

2.57 


5. 

Accelerometer Konlinearltles 

3.5;ig/g® 

0. 

0. 

0. 

0.00 

0.00 

0.00 


G. 

Gravity Anomalies and 
Deflections 

67 mgal - 
8 sec ' 

110. 

176. 

112. 

0.28 

0.23 

0.25 


7. 

Gyro Bias Drifts 

0.015 dcgAr 

(?19p ^268^ 

(^3) 



^2^ 


B. 

Gyro Mass Unbalances 

0.025 deg/hr /g 

949. 

460. 

559. 

1.95 

1.14 

1.34 


9. 

Gyro AntsocbstIcUtcs 

0.025 deg/hr/g3 

49. 

130. 

eo. 

0.23 

0.20 

0.41 

m. 

Drag-Related Sources 









21. 

Non-Standard Density 










1962 Standard Atmosphere 
Modeling Error 

1-tcrm 


<|CB^ 


(J3) 

0.87, 

2.02 



Time-Varying Bias 

, Winter 

• 


(8357) 

(439^ 

(jTiJ) 

2.61 



Flrsl-Ordcr Markov 

Table D-1 

405. 

421. 

300. 

1.10 

0.14 

0.32 


22. 

Non-Standard Wind 
Westerly 

Winter 

558. 

407. 

229. 

1.73 

0.14 

0.52 



Crosswind | 
Headwind > 

Table D-3 

229. 

210. 

86. 

0.68 

0.13 

0.18 


23. 

Non-Standard Aerodynamics 
First-Order Markov 

5% or Cjj 

705. 

B89. 

415. 

1.74 

0.40 

0.55 

Tolal Projected Performance 


63B9. 

14700. 

9723. 

20.97 

6.70 

14.51 

Pure Inertial Navisalor 
Performance 


14756. 

2119G. 

12184. 

42.01 

9.75 

14.44 

Filter-Indicated Performance 


4885. 

16781. 

9035. 

18.34 

15.70 

16.51 
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TABLE 5.1-3 

DRAG-UPDATE PHASE ALTERNATIVE CONTRIBUTIONS 





RMS NAVIGATION ERROR AT 130,000 ft . 

ERROR SOURCE 

VALUE 

POSITION (ft) 

VELOcrnr (ft/sec) 




V 

DR 

CR 

V 

DR 

CR 

Group 21. 

Non-Standard 

Density 









1962 Standard 

Atmosphere 

Error 

4 terra 

2530. 

4868. 

2540. 

5.35 

0.54 

1.54 


Time-Varying 

Bias 

Summer 

3026. 

5320. 

2733. 

6.71 

0.71 

1.81 

Group 22. 

Non-Standard 
Wind , 









Westerly 

Summer 

443. 

321.. 

197. 

1.48 

0.10 

0.26 


The IMU-related contributions are primarily due to large initial errors at 
400,000 ft -- velocity errors for Group 3 and misalignments for Group 7. 
The atmospheric density contributions are primarily due to the error in 
modeling the 1962 Standard Atmosphere and the season- and latitude- 
dependent (time-varying) bias. The importance of both these density 
sources could conceivably be diminished by improving the onboard at- 
mospheric density model; but the emphasis should be on Including the 
time-varying bias. 

It is important to note that the IMU-related contributions to all 
three position component errors and to vertical velocity errors are com- 
parable in magnitude to the drag-related contributions. This suggests 
that, considering performance at the end of blackout only, the drag - 
update filter is doing a reasonable job of mixing inertially-derived in - 
formation with the drag acceleration pseudo- measurement . However, 
the observations made in Section 5. 1.1 Indicate that improved perform- 
ance should be attainable by modifying the filter gains. More detailed 

/ 
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discussion of the important error mechanisms and possible ways to re- 
duce some of the contributions is given in Section 5.3, 

Detailed tabulations of the error contribution time histories 
are given in Appendix F. For every row in Tables 5. 1-2 and 5.1-3, 
there is a page in Appendix F, which is a reproduction of a computer 
printout page summarizing important results from one error budget run. 


5.1.3 Sensitivity Curves: Drag-Update Phase 

This section contains several curves illustrating the sensitivity 
of drag-update phase performance to variations in error source statis- 
tics. These "fixed-filter" sensitivity calculations answer the question: 
"What is the effect of an unknown variation in the rms value or values of 
an error source dr group of error sources?" These calculations can be 
made easily, given the type of error budget information summarized in 
Table 5.1-2, because the appropriate error covariance equations are 
linear . 


All of the example curves given in this section correspond to 
major contributors to the system performance. Similar sensitivity 
curves may be constructed for any error source group for which error 
budget data exists in Table 5.1-2. Sensitivity curves corresponding to 
error sources which produce minor contributions when their nominal 
values are assumed are quite flat and of little interest. 

To illustrate the means by which the data points for the sen- 
sitivity curves were calculated, an example will be given. The sensi- 
tivity of crossrange position at 130,000 ft to gyro bias drift is shown 
in Fig. 5.1-3. The baseline data point for the example is the total 
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Figure 5.1-3 Sensitivity of Crossrange Position Errors 
at 130,000 ft to Gyro Bias Drift 

crossrange position error for the drag-update filter (9,V23 ft). The total 
Includes the effect of a 0.015 deg/hr bias drift about each platform axis. 
The contribution of these bias drifts Is shown in Table 5. 1-2 to be 
6,373ft. To compute the effect of a 0.03 deg/hr gyro drift, the 0.015 
deg/hr bias drift contribution is removed from the total system error 
and replaced with an error which is twice as large. Thus, the cross- 
range position error is 

= [(9,723)^- (6,373)^ + (12,746)^]^ 

= 14,710 ft 

This result is indicated in Fig. 5.1-3 as a boxed-in point. The dashed 
line through the origin is the asymptote approached by the total sys- 
tem error curve as the gyro bias drift contribution becomes large and 
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dominates all others. The remaining points on the curve are obtained 
as illustrated above. 

For reference purposes, Fig. 5.1-3 also includes the sensi- 
tivity of the pure inertial navigator (see Section 5.1-1) to gyro bias drift. 
The two curves intersect at a gyro bias drift error of 0.027 deg/hr, i.e. , 
if the gyro bias drift error is greater than 0.027 deg/hr and all other 
IMU-related error sources assume their baseline values , a pure inertial 
navigator provides better crossrange position estimates than the candidate 
drag -update filter . The drag-update filter has increased the crossrange 
position performance sensitivity to gyro bias drift errors. The following 
example provides an instance for which the drag-update filter decreases 
performance sensitivity to a dominant error source. 

Figure 5,1-4 shows the. sensitivity of vertical position and 
velocity errors to variations in the accelerometer scale factor error. 

The major contributors to vertical position error are of roughly com- 
parable magnitude so that the total projected error is not particularly 
sensitive to any given component. Accelerometer scale factor error is 
the dominant contributor to vertical velocity error, however, and an 
increase of the scale factor error to 80 ppm increases the vertical vel- 
ocity error by 54 %. The pure inertial navigator performance would be 
degraded by 70%, however, and Fig. 5. 1-4 indicates that the drag-update 
filter has decreased vertical channel performance sensitivity to accel- 
erometer scale factor errors. 

The time-varying density bias is latitude- and season- 
dependent. The contribution of this error source to the total projected 
error could be decreased by making the filter onboard density model 
both latitude- and season -dependent. Figures 5.1-5 and 5.1-6 illustrate 
the sensitivity of vertical position error and downrange position error, 

/ 
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RMS VERTICAL VELOCITY ERROR (ft/sec). 




Figure 5.1-4 


at 130,000 ft to Accelerometer Scale Factor Erroi 
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Figure 5.1-5 Sensitivity of Vertical Position Errors 

at 130,000 ft to Density Time-Varying Bias 



Figure 5. 1-6 Sensitivity of Dov/nrange Position Errors 
at 130,000 ft to Density Time-Varying Bias 
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respectively, to this error source. The curves were arrived at by scal- 
ing the time-varying bias defined in Fig. 3.1-2a by the indicated amount. 
The figures indicate that a large improvement in the density model ac- 
curacy would not result in a significant improvement in navigation ac- 
curacy Ji the filter gains for the pseudo-measurement were not modified. 

It should be emphasized that the sensitivity analyses made in 
this section are for a "fixed-filter" configuration. The sensitivity curves 
would be altered if the filter were modified. As an example, if the fil- 
ter were modified to increase the gains for the pseudo-measurement, 
the total projected performance would become much more sensitive to 
the time- varying density bias. For such a filter, an improvement in 
, the onboard density model could result in a significant improvement in 
performance. 

5.2 SYSTEM E 

The navigation error results presented in this section are for 
the approach and landing phase of the reference mission 3B entry as de- 
fined in Section 2.1. System E starts at the termination of blackout, 
nominally 130,000 ft, and ends at touchdown. The measurement sched- 
ule for the external navigation aids is specified in Table 2.2-1. The 
filter covariance program defined in Sections 4. 1 and 4. 2 has been used 
to generate gain files for each of the three filter configurations sum- 
marized in Table 4.2-3. The gain file for the System E filter v/as used 
repeatedly to compute detailed error budgets at three significant time 
points : 

• initiation of the final approach and landing 
sequence (12,000 altitude; t = 

/ 

/ 

/ 
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• the runway threshold (12 ft altitude; t = 

• touchdown (t = Tj^) 

The gain files for the alternative System E filters were used to estimate 
the sensitivity of the projected navigation errors at the runway thresh- 
old to filter modifications. 


5,2.1 Overall System Performance 

Figures 5.2-1 and 5.2-2 present overall performance curves 
for System E, showing position error components and velocity error 
components, respectively. The curves plotted represent rms errors 
due to the combined effects of all error source groups in the baseline 
error budget. They were generated by root- sum- squaring individual con- 
tributions at one-minute intervals (tabulated in Appendix G). At 
when the first TAG AN measurements are made, and at other key times, 
such as T^^ , and the root- sum- square calcula- 

tion was performed both before and after update. Thus, the large jumps 
which occur in certain component errors at these times are accurately 
shown. Otherwise, yie curves are faired-in over the one-minute inter- 
vals between the calculated points. 

At the time of the first TACAN measurements, T^. all 

’ TACAN’ 

three position errors decrease significantly — the greatest improvement 
is in downrange position. The only significant velocity change is a de- 
crease in vertical velocity error. Both position and velocity errors 
then decrease rapidly over the approximately two minutes between 
TACAN acquisition and baro altimeter acquisition. This improvement 
in al^ error components is in contrast to the performance of three of the 
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Figure 5.2-1 System E Overall Performance : Position 
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systems studied in Ref. 1, It suggests that a filter covariance matrix 
propagated through the orbital and drag-update phases of the mission gen - 
erates correlations between error sources which are valuable in proces- 
sing measurements during the early post-blackout portion of entry . 

The System E navigation errors decrease steadily down to the 
acquisition of the azimuth and elevation segments of MLS at — 

position errors for the final portion of entry are plotted on an enlarged 
scale in Fig, 5.2-3. At there is a large decrease in all three 


R-U077 



Figure 5.2-3 System E Overall Performance 

During Final Approach; Position 


5-17 





THE ANALYTIC SCIENCES CORPORATiON 


position error components, most notably in vertical position. The de- 
crease in both downrange and crossrange errors is misleading. The 
azimuth and elevation segments of MLS do not decrease the range-to-go 
error, but at Space Shuttle heading angle (Fig. 2.1-2) is such 

that both the crossrange and the downrange position errors contain a 
transverse component (with respect to the runway) which the azimuth 

■ measurement reduces. As the Space Shuttle completes its turning man- 
euver, the range-to-go error is transferred from the crossrange to the 
downrange channel - thus accounting for the growth of downrange posi- 
tion error prior to T^^^. Following the MLS DME acquisition, the rang£ 
to-go error is reduced and the jig sition navigation error s become essen- 
tolly the navigation accuracy of MLS , 

The growth of the crossrange and downrange velocity errors 
following the initiation of the final approach and landing sequence at T 
indicates a major difficulty with the System E filter. At T , the na.^ 
gation filter must switch to a suboptimal operation mode. Se System E 
filter computes gains after Tg^ based upon a 6 x 6 submatrix of P 
which preserves the correlations between position and velocity errors. 
Figure 5.2-2 indicates that this is not sufficient; it is also necessary to 
preserve the correlations between the MLS errors and the navigation er- 
rors. The al ternative System E filters summarized in Table 4.2-3 at- 
tempt to account for these correlations; their performance is summarized 
in Section 5.2.3. 

Figure 5.2-2 indicates that the crossrange and downrange 
position errors increase after the radar altimeter is switched on at T 
The increase is not due to the radar altimeter gains, but rather to 
fact that MLS is simultaneously switched off. Thus after T„ . , the navi- 
gation system has no heading reference and no range reference. The 
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crossrange and downirange position errors would not increase if MLS 
/ remained on until touchdown. 


5.2.2 Detailed Error Budgets 

System error covariances have been calculated for each 
group of error sources over the reference mission SB trajectory from 
130,000 ft (t = 1432 sec) to touchdown (t = 1946. 5 sec). Detailed error 
budgets showing rms position and velocity errors were generated at three 
significant time points. Each entry in the error budgets is the rms con- 
tribution of the error source or sources indicated in the left-hand column; 
It comes from a computer run in which those errors alone are set at truth- 
model values - and all others are zero. The overall System E perform- 
ance at the indicated time is given at the bottom of each table and compared 
with the Space Shuttle landing navigation specification given in Ref. 22.* 
The filter-indicated performance is also presented for the error budget 

at 12,000 ft; the System E filter does not compute a performance measure 
below 12,000 ft. 

Particular numbers have been circled in the error budgets 
to focus attention on major contributors. The rule followed in deciding 
which numbers to circle is the same rule employed in the drag-update 
phase analysis. In each column, every number whose magnitude is greater’ 
than 20 o of the RMS total for that column is circled. Thus, every circled 

, number contributes at least 2% to the RMS error for the appropriate col- 
umn. 


are piMellnes', not In.lolal 
be reS“ In partlcnlt 


require- 
may ulti- 
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The initialization of the final approach and landing sequence 
occurs nominally at 12,000 ft, t = At this time, the navigation 

filter is required to switch to a "suboptimal" operating model. Table 
5,2-1 presents a detailed error budget in order to evaluate the System E 
performance prior to the configuration change. 

The measurement schedule outlined in Table 2.2-1 indicates 
that at Tgy^ the navigation filter will have processed 38 sec of MLS azi- 
muth and elevation measurements and 28 sec of MLS DME measure- 
ments. A general observation from Table 5.2-1 (and from Fig. 5.2-3) 
is that this is a sufficient length of time to permit the filter to improve 
its navigation accuracy to a desirable level. The position errors at 
are almost entirely a function of MLS accuracy — the major contributors 
are the biases and second-order markovs. If the filter continued to 
operate in an "optimal"mode, the vertical and crossrange position er- 
rors would decrease nearly linearly as the range to the elevation and 
azimuth antennae, respectively, decreased; 'and it is reasonable to sus - 
pect that, if necessary, MLS could satisfy the touchdown specifications 
in position without requiring a radar altimeter . The velocity errors at 
Tg^ indicate a continuing effect of error sources other than MLS — 
IMU-related sources and TACAN — but the downrange and cross- 
range velocity errors already satisfy the touchdown specifications . 

The detailed error budget at the runway threshold — 3 sec- 
onds from touchdown -- is presented in Table 5.2-2, The error budget 
was taken prior to processing the first radar altimeter measurement. 

The filter configuration used between 12,000 ft and the runway thresh- 
old is the suboptimal System E filter (see Table 4,2-3). In addition to 
using a 6 X 6 covariance matrix to compute MLS gains, the suboptimal 
filter uses the MLS bias estimates and IMU misalignment estimates 
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TABLE 5.2-1 

SYSTEM E BASELINE ERROR BUDGET -- 12,000 ft 


ERROR SOURCE 


VALUE 


I. Uncorrelaled Noise 

TACAN Ranpe 
TACAN Bearing 
MLS Azimuth 
MLS Elevation 
MLS DME 
Bare Altimeter 
QuajitizalJon Error 

n, IMU-Related States 

2. Accelerometer Biases 

3. Accelerometer Scale Factor 

4. Accelerometer Misalign- 
ments 

5. Accelerometer Nonlln- 
earltles 

6. Gravity Anomalies and 
Vertical Deflections 

7. Gyro Bias Drifts 

8. Gyro Mass Unbalances 
0. Gyro Anlsoelasticltles 

m. External Ald-Relatcd Sources 
10, TACAN Range Bias Error 

II. TACAN Range Scale Factor 

12, Baro Altimeter Errors 
Bias 

Scale Factor 
Static Defect 

First Order Markov 

13, MLS Time-Varying Biases 

Azimuth 
Elevation 
Range Bias 
Range Scale Factor 

14, MLS Second-Order Markov 

Azimuth 
Elevation 
Range 

16, TACAN Survey Errors 

17. MX.S Survey Errors 

19, TACAN Bearing Bias 

20, MI^ Timing Bias Errors 

Azimuth 
Elevation 
Range 


1., 21.-23. Drag-Related Errors 
Total Projected Performance 


100 ft 
6 mrad 
0.1 mrad 
O.I mrad 
17 ft 
5 ft 

0.0328 ft/sec 


50f/g 
40 ppm 
15 sec 

67 mgal- 
8 sec 

0.015“ At 
0.025“ Ar/g 
0.025“ Ar/g® 

385 ft 
100 ppm 


100 ft 
3% 

1.52x10 * 

ft/ft2/sec® 
20 ft 


0.4 mrad 
0.4 mrad 
8ft 

400 ppm 


0.2 ii^d 

0.2 xmad 
17 ft 

1ft , 
1 ft 
6 mrad 


50 msec 
SO msec 
50 msec 


RMS NAVIGATION ERROR AT 12,000 ft 


POSITION (ft) 


DR 


CH 


0.3 

0.4 

0.4 

2^9 

<0) 

0.0 

0.1 


0.8 

1.0 

1.4 

1.1 


0.0 

0.1 


0.4 

0.5 

3.9 

0.2 

1.5 

0.0 

0.1 


VELOCITY (it /see) 


DR 



0.06 

0.05 

0.04 

0.03 

cOo) 

0.00 

0.03 


Fllter-indlcatod Performance 


Touchdown Specifications 


0.3 O.t 


0.0 2.8 

3.3 

2.6 7.3 


O.I 


0.8 

cO> 

3.5 

0.0 

0.8 

1.0 


2.5 

1.9 

o7£ 


0.0 

0.4 

3.2 


0.1 0.7 

3.9 0.2 

<105 


1.8 


1.6 


0.3 

1.0 

2.5 

0.4 

1.2 

0.0 

1.0 

2.1 


2.5 

0.2 

3.5 

0-6 


20.4 37.3 21.4 


18.5 35.6 


3.0 80.0 


13.2 

4.7 


0.05 


0.02 


0.00 

0.07 


0.05 


0.07 

0.07 

0.01 

0.14 



0.00 

0.01 

0.05 


0.01 

0.02 

0.18 

0.04 


0.53 


1.09 


0.40 


0.20 


0.80 

Too” 


CR 


0.05 

0.08 

0.13 

0.14 

0.05 

0.00 

0.03 


0.4 

0.4 

. 0;4 

0.09 

0.14 

<05* 

0.2 

0.2 

O.I 

0.02 

0.04 

0.09 

0.5 

. 0.5 

0.4 

0.08 

0.20 

cOI> 

0.0 

0.0 

0.0 

0.00 

0.00 

0.00 

0.2 

0.2 

0.1 

0.04 

o.oa 

0.05 

0.4 

1.2 

1,5 


c02> 

<0£> 

0.4 

0.6 

0.5 


C05> 

<Oi> 

0,0 

0.1 

0,1 

0.02 

0.09 

0.04 

2.4 

6.9 

3.3 




0.0 

0.1 

0.0 

0.00 

0.02 

0.00 


0.08 


0.15 

0.03 

0.03 

0.08 


0.03 

0.04 

0.00 

0.00 

0.17 


0.00 

0.14 


0.20 


0.96 


0.46 

2.00 
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TABLE 5.2-2 

SYSTEM E BASELINE ERROR BUDGET — RUNWAY TliRESHOLD 




1 RMS NAVIGATION F.miOH AT RUNWAY THiU'SHOLD 

ERROR SOURCE 

VALUE 

1 IKISITION (ft) 

1 VELOCITY (ft 




V 

i)R 

CR 

V 

DK 

CH 

I. Uficorrolated Noise 








TACAN Uani'e 

.100 ft 

0.0 

0.9 

0.2 

0,09 

0.27 

0.33 

TACAN Bearing 

6 mrad 

0.0 

1.2 


O.K 

0.19 

0.61 

MLS Azimuth 

0. 1 mrad 

0.0 

1.4 

& 

0.03 

0.05 

0.16 

MLS Elevation 

0.1 mrad 

0.2 

0.9 

•O 

0.18 

0.06 

0.13 

MLS DME 

17 ft 

<o> 

o 

0.2 

0.20 . 

0.09 

0.18 

• Baro AUimeler 

5 ft 

0.0 

0.0 

0.0 

0.00 

0.00 

0,00 

Quantization Error 

0.0328 ft/sec 

0.0 

0.2 

0.1 

0.09 

0.09 

0.16 

11. IMU-Related States 








2. Accelerometer Biases 

SOMg 

0,1 

1.1 

0.7 

&> 

0.50 


S. Accelerometer Scale Factor 

40 ppm 

0.1 

0.2 

0.2 

0.16 

0^24 

0.58 

4. Accelerometer Misalignments 

15 sec 

0.1 

1.2 

0.6 



@) 

5. Accelerometer Nonllnearltles 

3.5pg/g2 

0.0 

0.0 

0.0 

0.00 

0.00 

0.00 

6. Gravity Anomalies and Verti- 
cal OeflecUotis 

67 mgal- 
8 sec 

0.1 

0.4 

O.I 

0.21 

0.14 

0.33 

7. Gyro Bias Drifts 

0.015'’ /hr 

& 

3.4 

& 


& 


6. Gyro Mass Unbalances 

0.025" Ar/g 

0.1 

1.4 

0.7 

^3) 

@) 

@) 

9. Gyro Anlsoelastleltles 

0.025" Ar/g 

2 

0.0 

0.4 

p.l 

0.12 

0.42 

0.30 

tH. External Aid-Related Sources 








10. TACAN Range Bias 
Error 

386 ft 

0.1 

(0> 

0,8 

& 

c® 

CB> 

11. TACAN Range Seale 

100 ppm 


0.0 

0.3 

0.0 

0.02 

0.11 


Factor 


0.04 

12. Baro Altimeter Errors 








Bias 

100 ft 








Scale Factor 








" 

Static Defect 

1.52x10** 

rt/ft2/sec^ 

i 

0.0 

0.2 

0.2 

0.06 

0.35 

0.51 

First Order Markov 

20 ft ^ 

I 







13. MLS Time-Varying Biases 

- 







Azimuth 

0.4 mrad 

0.0 

0.2 

<o> . 

0.02 

0.02 

0.10 

.Elevation 

/ 0.4 mrad 

& 

& 

0.0 

0.18 

0.03 • 

0.12 

Range Bias 

8 ft 

0.1 

0.1 

0.02 

0.01 

0.04 

Range Scale Factor 

400 ppm 

0.1 

5.1 

0.0 

0.07 

0.02 

0.15 

14. MLS Second-Order Markov 








Azimuth 

0.2 mrad 

0.1 

2.8 


0.05 , 

0.09 

0.33 

Elevation 

0.2 mrad 

CO> 

(j^) 

0.3 


0.10 

0.24 

Range - 

17 ft 

<o> 

0.2 

0.20 

0.13 

0.18 

16. TACAN Survey Errors 

1ft 

0.0 

0.0 

0.0 

0.00 

0.00 

0.00 

17. MLS Survey Errors 

1ft 

<Q> 

1.2 

1.0 

0,01 

0.01 

0.00 

19. TACAN Bearing Bias 

20. MLS Timing Bias Errors 

6 mrad 

0.1 

4.0 

0.8 

€B> 

0.43 

o 

Azimuth 

50 msec 

0.0 

0.4 

0.6 

0.02 

0.16 

0.18 

Elevatim 

50 msec 

0.2 

0^ 

& 

0.1 

0.01 

O.Ol 

0.13 

Range 

50 msec 

0.3 

0.2 

0.11 

0.05 

O.OS 

1., 21.-23. Drag-Related Errors 


0.1 

2.5 

0.5 

o 

0.30 

(@ 

Total Projected Performance 

■Haul 

isa 

28.7 

B.l 

1.59 

3.58 

5.76 

Touchdown Specifications 



80.0 

4.7 

0.20 

3,00 

2.00 
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saved from to compensate the MLS measurements and to resolve 
the accelerometer outputs into the proper coordinates. 

The position errors at the runway threshold reflect the expec- 
ted continuing improvement in vertical and crossrange errors as the Space 
Shuttle approaches the MLS elevation and azimuth antennae — the major 
contributors to position errors continue to be the MLS biases and second- 
order markovs. The vertical and downrange position errors satisfy the 
touchdown specifications, but the crossrange position error is somewhat 
larger than desired . The magnitude of the crossrange error is primarily 
due to the placement of the MLS azimuth antenna 15,000 ft downrange 
from the nominal touchdown point. If the antenna were 10,000 ft from 
the touchdown point, however, the crossrange position error would be 
close to the touchdown specification. ^ 

The disconcerting aspect of Table 5.2-2 is the significant 
growth of the velocity errors relative to their magnitude at 12,000 ft 
(t =Tg^). The major contributors remain the same as in Table 5.2-1, 
but the contributions due to the IMU-related error sources and TACAN 
have increased considerably. In particular, the contribution of gyro 
bias drift alone exceeds the touchdown specification for crossrange er- 
rors. The relatively larger downrange and crossrange velocity error 
contributions are a consequence of the filter*s inability to estimate azi- 
muth misalignment prior to Tg^, but the growth of the velocity errors 
is due to an inappropriate selection of filter velocity gains after T„,,. 

The error budget at touchdown is presented in Table 5,2-3. 

In order to emphasize vertical channel errors, the table considers only 
three general error categories: 
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TABLE 5.2-3 


SYSTEM E BASELINE ERROR BUDGET - TOUCHDOWN 


ERROR SOURCE 

III 

RMS NAVIGATION 

ERROR AT TOUCHDOWN 


POSITION fft) 

V rvT? n-a 

VELOCITY (ft/sec) 

I. Uncorrelated Noise 

iim 

■ 


V 

DR 

CR 

Radar Altimeter 
RSS for Other External 

T ft 

1 

0.0 0.6 


0.00 

0.00 

Navigation Aids 


0.0 

2.5 

0,06 

C.37 

0.77 

II. IMU-Related States 
ni. External Aid-Related 


i 


0.07 



States 







15. Radar Altimeter States 







Bias 

First-Order Markov 

■' 1 ft 
1 ft 

cQ) 

<Q) 

0.0 0.0 
0..0 ■ 0.0 

0.00 

@) 

0,00 

0.00 

0.00 

0.00 

10.-14, 16.-23. RMS for 
Other External Navigation 
Aids 


0.0 

@) (JTj) 

0.04 

di) 

(ITsg) ■ 

TuUl Projected Performance 


1.5 

31.5 21.4 

0.61 

3.73 

5.92 

Touchdown Specifications 

• 

3.0 

80.0 4.7 

0.20 

3.00 

2.00- 


• radar-related error sources 

• IMU-related error sources 

• other external aid-related error sources 

The radar altimeter is switched on at the runway threshold and MLS is 
switched off. Thus for the three seconds remaining until touchdown, 
the principal activity in the downrange and crossrange channels is the 
propagation of the velocity errors into the position errors. The princi- 
pal contributors to the downrange and crossrange channel errors are the 
same as at the runway threshold. 


5-24 






























THE ANALYTIC SCIENCES CORPORATION 


The only significant contributors to the vertical channel er- 
rors are the radar altimeter-related error sources. The measurement 
noise contributes to both the position and the velocity error; the bias con- 
tributes to the position error only. The contribution of the first order 
markov alone exceeds the vertical velocity touchdown specification . Any 
of the data values in the truth model data base (Table 3.2-2) may change 
as hardware selections are made, but the radar altimeter error models 
are particularly likely to be revised. It should be noted, however, that the 
error model for the radar altimeter reflects instrument errors and ter- 
rain-dependent errors so that an accurate instrument would not automati- 
cally yield small vertical channel errors. Sensitivity curves relating the 
vertical channel errors to the radar altimeter error models are provided 
in Section 5.2. 3. 

The System E total projected performance is out-of-spec in 
all velocity components and in crossrange position . The crossrange 
position error can be reduced significantly by using MLS down to touch- 
down; the vertical velocity specification conceivably could be relaxed 
sufficiently enough for the System E performance to be in-spec. The 
principal question mark is the acceptability of the large downrange and 
crossrange velocity errors . The difficulty appears to be software - 
rather than hardware-related . Section 5.2.4 considers filter modifica- 
tions for improving the velocity performance. 


5.2.3 Sensitivity Curves: System E 

This section contains several curves illustrating the sensitivity 
of System E performance to variations in error source statistics. The 
curves for vertical channel errors were produced using the error budget 
data at touchdown taken from Table 5.2-3; the curves for downrange and 
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crossrange channel errors were produced using the error budget data at 
the runway threshold taken from Table 5.2-2, The method of generating 
the data for these curves is discussed in Section 5. 1. 3. 

Similar sensitivity curves may be constructed for any error 
source group for which error budget data is available in Tables 5.1-2 and 
5.1-3. All of the error curves in this section correspond to major con- 
tributors to system performance. Sensitivity curves corresponding to er- 
ror sources which produce minor contributions are quite flat. 

The vertical position and velocity error sensitivity to radar 
altimeter markoy error is shown in Fig. 5.2-4, The relevant touchdown 
specifications are included in each of the graphs. Figure 5. 2-4a is identi- 
cal to the vertical position sensitivity to radar altimeter bias. It is appar- 
ent from Fig. 5.2-4b that the 0,2 ft/sec vertical velocity specification 
cannot be met even If the markov error is zero. 

The sensitivity of the crossrange position error at the runway 
threshold to MLS azimuth measurement bias is shown in Fig. 5.2-5. The 
figure indicates that the touchdown specification could be met at the run- 
way threshold only if the bias were reduced to less than 0,2 mrad. An 
alternative not considered in Fig. 5.2-5 would be to move the azimuth 
antenna closer to the nominal touchdown point. , 

The principal contributors to downrange position errors at the 
runway threshold are the MLS DME second-order markov and the MLS 
DME timing bias error. Sensitivity curves for these two error sources 
are presented in Figs, 5.2-6 and 5.2-7, respectively. It does not appear 
likely that either error source could become large enough to violate the 
touchdown specification. 

The downrange and crossrange velocity errors at the runway 
threshold are due primarily to the IMU-related states. Figures 5.2-8 
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o) Position 



bj Velocity 


Figure 5.2-4 Sensitivity of Vertical Position and Velocity Errors 

at Touchdown to Radar Altimeter First-Order Markov 
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Figure 5.2-5 Sensitivity of Crossrange Position Error at 
Runway Threshold to MLS Azimuth Bias 





Figure 5,2-6 Sensitivity of Downrange Position Error at 
Runway Threshold to MLS DME Bias 
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Figure 5,2-7 Sensitivity of Downrange Position Error at 
Runway Threshold to MLS DME Timing 
Bias Error 





Figure 5.2-8 Sensitivity of Downrange Velocity Error at 
Runway Threshold to Gyro Bias Drift Error 
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. and 5.2-9 present the velocity error sensitivity curves for gyro bias 
drift errors. The curves indicate that the velocity errors may become 
quite large if the gyro bias drift error exceeds the baseline value of 
0.015 deg/hr by a significant amount. Similar curves can be drawn for 
accelerometer bias errors, accelerometer misalignments, and gyro mass 
unbalances; except that the curves will be somewhat flatter. 


R-14J95 



Figure 5.2-9 Sensitivity of Crossrange Velocity Error at 
Runway Threshold to Gyro Bias Drift Error 


5.2.4 Performance Sensitivity to Filter 
Modifications: System E 

The overall performance curves in Section 5.2.1 indicate that, 
after switching to a suboptimal operation mode at T^„, the System E fil- 
ter cannot further improve the velocity estimates. Instead, the down- 
range and crossrange errors increase significantly during the final 
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approach and landing sequence. The study summarized in this section 
was undertaken to determine whether this velocity divergence is a general 
property of all suboptlmal Space Shuttle navigation filters, or whether fil- 
ter configurations which yield a significant improvement in performance 
can be devised. 

The particular filter configurations analyzed are the System E 
filter and the alternative System E filters as defined in Table 4.2-3. The 
three filters are identical 15-state Kalman filters down to initiation of 
the final approach and landing sequence at Tg^. After Tg^, they are 
6-state (position and velocity) suboptimal filters. The principal differ- 
ences after Tg^ are the MLS gain computation algorithms; 

• System E filter — gains are computed from 

Kalman algorithm with 
6x6 covariance saved 
from Tg^. 

• Alternative 1 — gains are computed from 

Kalman algorithm with 15 x 15 
covariance saved from Tg^ 

(only six elements of gain 
vector are used). 

• Alternative 2 — gains are the optimal gains 

computed at (only six 
elements of gain vector are 
used; azimuth and elevation 
gains scaled by range-to-go) 

The sensitivity analysis performed in this section is refer- 
enced to the System E filter and to the error budget at the runway thresh- 
old for that filter (Table 3.2-2). Gain files were generated for each of the 
alternative filters using a modified filter covariance program (see Sec- 
tion 4.1). The gain file for each alternative System E filter was used to 
determine the contribution of a -single error source to the total projected 
performance for that filter. The error source selected was gyro bias 
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drift (Group 7), which is the dominant contributor to the System E filter 
downrange and crossrange velocity errors. By comparing the effects 
of gyro bias drift on the performance of the three filters, it is then pos- 
sible to make a general estimate of the performance of the alternative 
filters. 


The navigation errors at the runway threshold due to gyro bias 
drift are presented in Table 5.2-4 for the System E filter and for the two 
alternative filters. The position errors for all three filters are com- 
parable; the important differences are in the velocity errors. These are 
summarized below. 


TABLE 5.2-4 

NAVIGATION ERRORS AT RUNWAY THRESHOLD 
DUE TO GYRO BIAS DRIFT ERRORS 


FILTER 

POSITION ERRORS 
(ft) 

VELOCITY ERRORS 
(ft/sec) 

D 

DR 

CR 

. V 

DR 

CR 

System E Filter 

0.3 

3.4 

1.8 

1.06 

2.44 

4.15 

Alternative 1 

0.6 

3.5 

1.3 

1.62 

0.59 

2.90 

Alternative 2 

0.3 

1.2 

1.8 

0.27 

0.73 

0.81 


The downrange and crossrange velocity errors for Alternative 1 
represent a significant improvement over the performance of the System E 
filter, but the vertical velocity performance is worse. It is reasonable to 
suspect that Alternative 1 would yield similar changes in the velocity er- 
rors due to the other major IMU-related error sources. If this occurred, 
the, total projected performance at the runway threshold for Alternative 1 
would satisfy the touchdown specifications in downrange velocity, but would 
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still exceed the specifications in crossran^^e velocity and vertical velo - 
city . Since vertical velocity information is provided by the radar alti- 
meter once the runway threshold has been passed, the decrease in 
vertical velocity, accuracy for Alternative 1 may not be important. Thus, 
it appears that Alternative 1 is an improvement over the System E fil- 
ter. 

The more interesting aspect of Table 5,2-4 is the performance 
of Alternative 2. Alternative 2 yields a factor of four improvement in the 
accuracy of all three velocity components . If similar Improvements were 
realized in the velocity errors due to the other major IMU-related error 
sources, the total projected performance at the runway threshold for Al - 
ternative 2 would satisfy all touchdown, specifications except in vertical 
velocity — and the vertical velocity estimates would be better than those 
provided by either of the other filters. Thus, from a navigation accuracy 
vantage point, Alternative 2 appears to be superior to both Alternative 1 
and to the System E filter. 

It is not obvious why Alternative 2 appears to perform better 
than Alternative 1, but it is clear that both should perform better than 
the System E filter. At Tg^ , the velocity and position errors are highly 
correlated with the MLS biases. The 15 x 15 covariance at reflects 

this correlation and the filter gains for the state estimate update at Tg^ 
are selected accordingly . Thus, after Tg^ , both Alternative 1 (saved 
15x15 covariance) and Alternative 2 (saved gains) account for MLS 
biases. The System E filter, however, saves only a 6 x 6 covariance 
and therefore it cannot account for the correlation between the navigation 
errors and the MLS biases. The net result is that the System E filter 
makes a poor selection of velocity gains. 
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It should be emphasized that the sensitivity analysis presented 
in this section is based upon navigation errors from a single error source. 
The analysis indicates that the alternative filters do not experience the 
velocity estimation difficulties which plagued the System E filter, but 
this indication must be verified through a detailed error budget before a 
final performance determination can be made. 


5.3 DISCUSSION 

Sections 5,1 and 5.2 presented a description of the navi- 
gation filter performance during the drag-update phase and the ap- 
proach and landing phase, respectively. The results are summarized 
In this section. A review is made of the dominant error sources for the 
two mission phases and of their effect upon the filter performance. The 
manner in which the various filter states contribute to the filter per- 
formance is then discussed and possible software modifications to im- 
prove the performance are presented. 


5.3.1 Drag-Update Phase 

The overall performance of the drag-update filter was evalu- 
ated in Section 5. 1. 1 via comparison with the performance of a pure 
Inertial navigator. The analysis indicated that the drag-update filter, 
as presently designed, yields navigation errors approximately two- 
thirds as great as those for the pure inertial navigator. This result 
verifies that the drag acceleration pseudo-measurement is a potentially 
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valuable navigation aid and that the dra^-update filter effectively limits 
the p;rowth of navigation errors durinp^ entry. However, a detailed study 
of the overall performance indicates that a significant improvement in 
performance may be obtainable through filter design changes. Formu- 
lation of the most promising design changes is a consequence of the analy- 
sis to follow. 

An error budget provides a detailed breakdown of the contri- 
butions of individual error sources to the total navigation error at a 
particular time — the error budget presented in Section 5, 1.2 corre- 
sponds to the end of the drag-update phase. The major contributors to 
the navigation error at this time-point are: 

• accelerometer scale factor error (Group 3) 

• gyro bias drift (Group 7) 

• non-standard atmospheric density modeling 
errors (Group 21) 

Analysis of the individual error contribution time histories given in 
Appendix F reveals that the IMU-related contributions are primarily 
due to large initial errors at 400,000 ft — velocity errors for Group 3 
and misalignments for Group 7. The atmospheric density contributions 
are primarily due to errors in modeling the 1962 Standard Atmosphere 
and to a season- and latitude-dependent bias. 


The time histories in Appendix F also provide a second 
important piece of information: The relative importance of the major 
error contributors is time-dependent. The IMU-related error sources 
(Groups la through 9) are the only contributors to navigation errors 
prior to the first drag acceleration pseudo-measurement (t = 

In the several minutes following the drag-related error sources -- 
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The analysis presented in Section 5. 1. 1 indicates that the 

drag-update filter overweicrhtQ ^ 

/ oyenmghts the drag Pseudo-measurements for the 

first several minutes after T -,a 
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On the basis of these observations, it seems desirable to modify the 
filter gain sequence such that the gains in the first portion of the drag;- 
update phase are decreased, and the grains in the latter portion are in- 
creased . 

The drag-update filter is a 13-state Kalman filter. The first 
six states are navigation states (position and velocity); the last seven 
states are error states (platform misallgments (3), acceleration errors 
(3), drag-correlated error (1)). The error states are generalized states 
which are used to describe the type of error sources to be encountered 
and to prevent the filter covariance from becoming unrealistically small, 
i.e. , to prevent the filter from generating overly optimistic perform- 
ance predictions. As an example, drag-related error sources are dom- 
inant contributors to navigation errors during the drag -update phase. 

The drag-update filter uses the drag-correlated error state to estimate 
the net effect of these error sources on the drag acceleration pseudo- 
measurement. If the estimate is accurate enough, the filter uses it to 
diminish the effect of the drag-related error sources on the position 
and velocity estimates. Even if the estimate is not accurate, however, 
the presence of the error state prevents the filter from assuming the 
pseudo-measurement is more accurate than it actually is. 

The most straightforward mechanism for modifying the drag 
pseudo-measurement gains is to change the parameters associated with 
the drag-correlated error state. Increasing the variance of the drag- 
correlated state has the effect of decreasing the drag pseudo-measurement 
gains. The gain modifications suggested in the preceding paragraphs can 
therefore be effected by assigning an altitude dependence to the variance 
of the white noise associated with the drag-correlated state, e.g. , the 
variance could be 40% of drag at high altitudes and 20% of drag at low 
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altitudes. Equivalently, the variance could be maintained at 30% for 
all altitudes, but the filter measurement matrix [Eq. (4.2-4)] could 
be modified to 

%« = qp,edW 

where a(h) is a decreasing function of altitude. It is possible that 

neither of these modifications will bring the filter-indicated performance 

at into accord with the total projected performance. In this case, 

DME 

it may also be necessary to increase the process noise for the filter. 

A second possibility for Improving the performance of the 
drag-update filter is to improve the accuracy of the onboard atmospheric 
density model . The improvement could involve either a more accurate 
model of the 1962 Standard Atmosphere, l.e., the four-term model, or 
the selection of a season- and latitude-dependent model to minimize the 
importance of the time- varying bias. The Alternative Contributions 
Table (Table 5.1-3) indicates that the four-term model for the 1962 
Standard Atmosphere is not significantly better than the one-term 
model; therefore, inclusion of a season- and latitude-dependence in the 
onboard density model is recommended. The sensitivity analysis in 
Section 5, 1. 3 indicates that a significant improvement in navigation ac- 
curacy cannot be achieved by improving the filter onboard density model 
unless accompanying modifications in the filter gains are made . If the 
error in the drag pseudo-measurement is reduced, the gains must be 
increased to take advantage of the improvement, etc. The previous par- 
agraph outlines several mechanisms for increasing the gains. 

The performance of the drag-update filter is a function not 

only of the filter gains, but also of the selection of a measurement 

/ 


-i 


R 


sc 


V^(t) 


0 


0 : a(h) 


(5.3-1) 
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matrix Hp(t) for the drag acceleration pseudo-measurement. Compari- 
son of Hj,(t) as defined in Eq. (4.2-4) or Eq. (5.3-1) with the first 13 
components of Hg(t) as defined in Eq. (C-42) 


Hg(t) 


position errors 



velocity 

errors 



"VR -L 
■ qftl 


I 



I 



I 



(5.3-2) 

reveals that there are several terms which appear in H_(t) but do not ap- 
pear in Hp(t). These terms represent dynamic relationships which af- 
fect the pseudo-measurement, but which were not included in the filter 
model. The additional terms in the position components are due to 
minor dynamic effects and can be ignored; however, the two terms in 
the^velocity components are of the same order of magnitude. The 
2iR / VR(t) term relates the velocity estimation error to the error 
in computing the predicted drag; the Fj^/q(t) term relates the velocity 
estimation error to the error in computing the drag component of the 

accelerometer outputs. If one of these terms is included in H (t) the 
other should be also. • F ’ 


The most important terms in are the position component 
terms; the term reflects the basic sensitivity of the pseudo- 

measurement to vertical position errors. A tradeoff study was under- 
taken to establish the importance of the velocity component terms. This 

study considered three different definitions of H (t) : 

F' 

• Hp(t) as defined in Eq. (4,2-4). 

(4. 2-4), but with the 
~£L/<ltt) velocity term added. 

* in Eq. (4.2-4), but with no 

velocity terms. 
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. The filter covariance program was used to generate a gain file corre- 
sponding to each definition of and navigation errors due to at- 

mospheric density modeling errors (Group 21) were computed for each 
gain file. There was no discernible difference between the performance 
of the three different filters. This suggests that the velocity component 
terms of H jp (t) are unimportant and could be omitted . 

A last comment should be made concerning the definitions of 
the error states used in the drag-update filter. If the drag-update filter 
uses an error state to estimate a correlated error source, or if it re- 
quires an error state to develop the proper correlations between naviga- 
tion error components, the presence of that state is important for 
Improving the filter performance. If the filter uses the state only to 
prevent itself from becoming overly optimistic in its performance pre- 
dictions, however, the function of that state might be performed adequately 
by an appropriately defined process noise.* The drag acceleration pseudo- 
measurement is of sufficiently poor quality that the only error state used 
by the drag-update filter to estimate correlated error sources is the drag 
correlated error state. Thus, if only performance during the drag-update 
phase is co nsidered, it is possible that a 7-state drag-update filter could 
The possibility exists, however, that the misalignment and ac- 
celeration error states establish correlations in the filter covariance 
matrix during the drag-update phase which are important in the early 
portion of the approach and landing (System E) phase. This possibility 
is discussed further in the following section. 


The advantage of using process noise in lieu of an error state is a re 
duction in the computational requirements for the filter. 
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5.3.2 System E 

The overall performance of System E was evaluated in Section 
5.2.1. The analysis indicated that, during the initial portion of the ap- 
proach and landing, the System E filter effectively uses the drag accel- 
eration pseudo-measurement, TACAN, the bar o altimeter, and MLS to 
improve navigation accuracy. During the final approach and landing se- 
quence, however, the velocity estimates become degraded to the extent 
that the System E filter violates the touchdown accuracy specification in 
all three velocity components. The degradation appears to be a function 
of the particular filter configuration studied, rather than an intrinsic lim- 
itation of the TACAN-MLS-radar altimeter landing system. Suggested 
modifications for improving the filter performance are a consequence of 
the analysis to follow. s 

Section 5.2,2 provides detailed error budgets for the System E 
filter at three significant time points: 

• initiation of the final approach and landing 
sequence (t = Tg^; Table 5,2-1) 

• the runway threshold (t = Tp^; Table 5.2-2) 

• touchdown ( t = Tj^; Table 5.2-3) 

From the end of blackout (t = '^tACAN^ System E filter 

is a 15-state Kalman filter. Thus, the error budget at Tg^ is represen- 
tative of the maximum potential navigation accuracy of a TACAN-MLS 
landing system at that point. After Tg^, the System E filter is a 6-state 
suboptimal filter and this suboptimality contributes significantly to the 
navigation errors. The important difference between the last two error 
budgets is in the vertical channel errors. The error budget at the run- 
way threshold was made immediately prior to the first radar altimeter 
measurement. Comparison of the two error budgets permits an evalua- 
tion of the radar altimeter performance to be made. 
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The total projected navigation error at reveals that 

the System E filter has already reduced the downrange and cross - 
range velocity errors to within the touchdown specifications . The fil- 
ter also provides good vertical channel estimates, but this is not 
particularly important since the vertical channel errors at touchdown 
are expected to be dominated by the radar altimeter error sources. 

There are indications that, if the filter continued to operate in an "opti- 
mal" mode, the TACAN-MLS landing system could satisfy the touchdown 
specifications in all components except vertical velocity . 

The "suboptimal" System E filter improves the position esti- 
mates during the final approach and landing sequience. At the runway 
threshold, both the vertical and downrange positloiii errors satisfy the 
touchdown specifications, but the crossrange position error is some - 
what larger than desired . The magnitude of the crossrange error is 
primarily due to the placement of the MLS azimutla antenna 15,000 ft 
downrange from the nominal touchdown point. If tihe antenna were 
10,000 ft from the touchdown point, the crossrange position at the run- 
way threshold would be close to the touchdown specification. 

The effect of the switch to a suboptimai filter is evident in 
the significant growth of the velocity errors during the final approach 
and landing. At the runway threshold, all three velocity components 
violate the touchdown specifications . If the IMU-related errors are 
greater than the values assumed for the baseline error budget, the sen- 
sitivity analysis in Section 5.2.3 implies that the velocity errors at the 
runway threshold may be considerably greater tham indicated in the 
error budget. 

The touchdown error budget reveals that the downrange and 
crossrange position errors begin to increase once the runway threshold 
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is crossed. This increase occurs because the measurement schedule 
given in Table 2.2-1 requires MLS to be switched off at the runway 
thr e shold . If MLS were used through touchdown and roll-out, this in - 
crease in downrange and crossrange position errors would not occur . 

Comparison of the touchdown error budget with that at the run- 
way threshold indicates that the radar altimeter reduces the vertical vel - 
ocity error significantly, but that the error still violates the touchdown 
specification . It should be noted that the radar altimeter error model 
used to generate the error budget includes both instrument- and terrain 
variation- related errors. If the hardware specifications require a more 
accurate altimeter, and if the effect of terrain variations on the radiated 
signal are shown to be small, the sensitivity analysis in Section 5.2.3 can 
be used to estimate the vertical channel errors corresponding to the im- 
proved error model; however, it is not apparent that the radar altimeter will 
be accurate enough to meet the vertical velocity touchdown specification. 

The major contributors to the total projected navigation errors 
are the same for all three error budgets — the only exception is that the 
radar altimeter error sources dominate the vertical channel errors at 
touchdown. Otherwise, position errors are dominated by the MLS cor- 
related error sources. Some smoothing of the MLS second-order markov 
errors is accomplished up to Tg^ , but essentially the System E 
filter is "riding the MLS correlated errors," e.g. , the downrange posi- 
tion error in all three error budgets is approximately the rms value of 
the MLS DME bias, scale factor, and second-order markov error magni- 
tudes. The significant improvement in crossrange and vertical position 
errors as the Shuttle nears the runway is a geometric effect — the cross- 
range position error due to an MLS azimuth bias is a linear function of 
the range to the antenna, etc. 


5-43 



THE ANALYTIC SCIENCES CORPORATION 


The velocity errors in the three error budgets indicate a con- 
tinuing effect of error sources other than MLS. In addition to the MLS 
correlated error sources and the MLS DME measurement noise, the 
major error contributors include gyro bias drift, gyro mass unbalance, 
and TAG AN bias errors. An important aspect of the error budgets 
is that the relative importance of these error sources changes as the 
Shuttle nears the runway. At Tg^, the MLS-related and non-MLS- 
related error sources are of approximately- equal importance. At the 
runway threshold, however, the non-MLS-related error sources are 
clearly dominant. As mentioned earlier, the dominant contributors to 
vertical velocity errors at touchdown are the radar altimeter error 
sources. 


The sensitivity analysis undertaken in Section 5.2.4 confirmed 
that the velocity estimate degradation during the final approach and land- 
ing sequence is a software problem rather than a limitation of the liard- 
ware accuracy. The System E filter does not properly account for strong 
correlations between the navigation errors and the MLS biases. . As a 
consequence, it makes a poor selection of the velocity components of the 
MLS gains. The sensitivity analysis indicates that either of the alterna- 
tive filters analyzed in Section 5.2.4 would yield significantly better navi- 
gation accuracy than the System E filter. Preliminary indications are 
that the scaled-gain filter (Alternative 2) is the best of the three filters 
studied, but this observation should be verified through a detailed per- 
formance analysis. 

The System E filter utilizes a total of 13 different error states -- 
platform misalignments (3), acceleration errors (3), and one bias state 
associated with each of the external navigation aids except the radar alti- 
meter (7). The filter is not able to generate accurate estimates of any of 
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the navaid biases; however, the filter does attempt to generate bias esti- 
mates. In addition, the filter develops correlations between the naviga- 
tion errors and the bias states which appear to be extremely important 
in computing gains for the measurement updates. It is recommended that 
ilL gl these navigation aid bias s t ates be retained in the System E filter . 


The system E filter uses the three platform misalignment 
states to compensate for the effects of IMU-related «rror sources. The 
vertical error state, which corresponds to azimuth misalignment, is 
used less than the other two components, but all three misalignment 
e rror states appear to per form an important function for the System E 
filter. In contrast, the three acceleration error states are not used by 
the filter. Correlated acceleration error sources have less effect than 
platform misalignments on the overall navigation system performance 
during entry, and consequently the System E filter is less able to observe 
and estimate such error sources. Jt appears that the three acceleration 
e rror states c o^ d be eli min ated without degrading the System E perform - 
anoe, but this possibility should be verified through simulation. 
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6. . CONCLUSIONS 


6 . 1 SUMMARY OF FINDINGS 

A navigation filter for the entry navigation system of the Space 
Shuttle Orbiter has been evaluated in detail. The baseline navigation 
system assumed for the study is an aided- inertial system with external 
data provided by a drag acceleration "pseudo- measurement," TACAN, a 
baro altimeter, MLS, and a radar altimeter. Prior to the final approach, 
the navigation filter is a variable-dimension Kalman filter with between 
12 and 15 states; during the final approach it is a 6-state suboptimal 
filter. Comprehensive truth models representing all potentially signi- 
ficant error sources have been formulated and used to generate detailed 
error budgets and sensitivity curves. In addition, the effect of several 
major filter modifications upon the overall navigation system perform- 
ance has been analyzed. A detailed summary of- the results is contained 
in Section 5. 3. 

The major findings of the study are as follows: 

• The drag acceleration pseudo-measurement is a 
potentially valuable navigation aid during radio 
blackout. It is capable of limiting the growth of 
navigation errors which would appear in a pure 
inertial system. In addition, it establishes cor- 
relations in the state estimates which are valuable 
for post-blackout navigation. 

• The navigation filter utilizes the drag acceleration 
pseudo-measurement effectively, but a further 
improvement in performance seems possible. 

Filter modifications should be undertaken to de- 
crease the pseudo- measurement gains during 
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the first portion of radio blackout and increase them 
during the last portion. 

• Improvement of the onboard atmospheric density 
model used for the drag acceleration pseudo- 
measurement could result in a significant improve- 
ment in navigation accuracy at the end of radio 
blackout. Specifically, the model should reflect 
seasonal and latitudinal density variations. The 
filter gain structure should also be modified to 
reflect the model improvement. 

• The TACAN- MLS -radar altimeter landing system 
appears capable of providing the desired navigation 
accuracy at touchdown in all components except verti- 
cal velocity. The ability to meet the vertical velocity 
specification is dependent upon the accuracy of the 
radar altimeter, the amount of radar altimeter data 
available for processing, and the effect of terrain 
variations on the radar altimeter signal. 

• The navigation filter is not capable of meeting the 
touchdown specifications for velocity. Prior to the 
Initiation of the final approach, the filter uses the 
external navigation aids effectively to improve navi- 
gation accuracy. During the final approach, however, 
the velocity estimates diverge. 

• A study of alternate filter configurations during the 
final approach suggests that simple modifications of 
the navigation system can be made which would per- 
mit the touchdown accuracy specifications to be met 
in all position components and in both downrange and 
crossrange velocity. 

• MLS azimuth should be used through touchdown and 
rollout to minimize the importance of crossrange 
velocity estimation errors. 

A number of comments and suggestions regarding the choice 
of filter states and filter design parameters are given in Section 5.3. 
The error states associated with the various external navigation aids 
appear to be instrumental in permitting the filter to accommodate cor- 
related errors in the measurements; however , some of the parameter 
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values associated with these states should be modified. The misalign- 
ment states are used by the filter in compensating for IMU-related error 
sources, but the acceleration error states appear to be unnecessary. 
These and other suggested filter modifications must be verified through 
simulation. 


6.2 RECOMMENDED FUTURE STUDIES 

It iS;. recommended that, as the design of the Space Shuttle 
navigation system is refined, similar detailed error budgets be gener- 
ated to verify that the navigation system satisfies the mission require- 
ments. The present study encompasses the entry phase of a Space 
Shuttle mission from entry interface at 400,000 ft to touchdoTO. Sim- 
ilar studies related to other Space Shuttle mission phases such as boost 
and rendezvous are also desirable. 

The study of alternative filter configurations presented in 
Chapter 5 illustrates an important application of the error budget con- 
cept in filter design efforts. Given a detailed error budget for a base- 
line filter, the performance of alternative filters can be analyzed for 
a limited set of the most important error sources. Once a "good” 
design is approached, its performance can be verified using the full 
set of error states included in the truth model. This design technique 
can be used to increase the scope of future error budget analyses. 

The System E analysis in Chapter 5 emphasized the sensi- 
tivity of vertical channel navigation errors at touchdown to radar alti- 
metry errors -- either instrument errors or the effect of terrain 
variations upon the radiated signal. Accurate models for radar alti- 
metry errors are not presently available. An effort should be made 
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to improve these models in order to obtain more accurate navigation 
system performance estimates at touchdown. 
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APPENDIX A 

COORDINATE FRAMES AND TRANSFORMATIONS 

There are several coordinate frames whose relationship to each 
other had to be defined as part of the development of the Space Shuttle 
evaluation tools. These coordinate systems may be divided into three 
distinct groups : 

• Systems which remain fixed in Inertial space 

• Systems which are fixed to and rotate with the 
earth 

® Systems which are defined by the vehicle's 
position and velocity vectors. 

It is the purpose of this appendix to define all of the necessary coordinate 
systems and their orientation with respect to each other. 

The inertially fixed coordinate system group is composed of 
two reference frames: the I and the P frames. The I coordinate frame 
with unit vectors I.yj> I 21 ’ system in which the naviga- 

tion error analysis is performed and is also the system in which the 
Space Shuttle trajectory data was furnished. The Xj axis is along the 
intersection of the ecliptic and the mean earth equatorial plane (the 
equinox) at the beginning of Be sselian Year 1950, The Zj axis is along 
the mean earth rotation axis of the same date. 


*The I coordinate frame is referred to in Ref. 12 as the Basic Reference 
coordinate frame. 
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The second inertially fixed coordinate system is that of the 
nominal platform axes, the P coordinate frame . This frame has unit 
vectors 1-n , Ip , and (see Fig. E-2). The transformation from 
I to P is taken from Ref. 12. 



-0.70098874 

0.71294726 

-0.01791596 


0.39396469 

0.40805269 

0.82358049 


0.59448010 

0.57026239 

-0.56691639 


(A-1) 


The two earth- fixed coordinate frames are given the initials G 
andR. The G frame (1^, , 1„ , 1„) is an earth-centered reference sys- 
tern with its z axis along the true rotational axis of the earth. The 
and y^ axes lie in the equatorial plane with passing through the 
Greenwich Meridian. The transformation from the I frame to the G frame 
Is 

■ 0.9209857522 0.3895881588 -0.0025121443* 

-0.389586554S 0.9209891768 0.0011192091 

0.00274968S3 -0,0000520780 0.9999962182 

(A-2) 

te and t is elapsed time (t =0 at 

The R system (Up, Downrange, Crossrange) is located with 
respect to the landing sight and runway and is the system in which navi- 
gation aid locations and survey errors are defined. The system has 
axes R, D, and C. with R assumed parallel to the local vertical at the 
landing sight. The D axis is pointed down the runway (approximately 
southeast; see Fig. 2. 1-2) and C is normal to R and D. The transforma- 
tion from the I to the R system is 


GA 


cos Ogt sin Og t 0 

-sin Ogt cos Hgt 0 


where 0^ is the earth's spin ra 
400,000 ft). 
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sin 6 cos 6 0 

-cos 9 sin 9 0 


-sin Xj. 

-sin <ApCos 
cos (ftj, cos Xp 


cos Xp 0 

-sin ^ Bin Xp cos (ftp '^ q/i 


cos fl^p sin Xp sin (ftp 


(A- 3) 


where 


e = 136.0° rotation of runway east of north 

Xrp = 239.4347® longitude of the touchdown point 

= 34.7219° latitude of the touchdown point 

There are three vehicle position and velocity related coordinate 
systems used in the Space Shuttle evaluation programs. The first to be 
discussed is a locally level, L frame , with one axis pointed towards north. 
This system is used to relate westerly winds to the inertial system. The 
unit vectors which define this system may be written in terms of the 
vehlcle^s position vector @ and the North Pole vector (1^) as follows; 


lu = 5/lSl 

1 =1 X 1 /II X 1 f 

. — e -z -u y-z 


(A-4) 
(A- 5) 


1 =1x1 

— n — u — e 


with these unit vectors defined it is easily shown that the transformation 
from the L system to the I system may be written as 


i! i! 


“®(i) 




♦The quantity a^j) means the vector a coordinatlzed in the I frame 
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The remaining two coordinate systems (U and V) are related 
to the vehicle's inertial and earth relative velocity vectors and Vj^) 
respectively, as well as position. The U frame is the one in which the 
data of Ref. 10 is defined and that data must be rotated to the I system. 

The V frame is used to output position and velocity errors and platform 
misalignments in a physically meaningful coordinate system, and to re- 
late gravity errors and headwinds and crosswinds to the inertial system. 
The U system has unit vectors lyt which may be evaluated 

using the expressions below. 

(A-8) 
(A-9) 
(A-10) 

The transformation from U to I Is given by the following equatton. 


Lu = 5/|R| 

Iw = V/IR x Vl 

-V “ ^ -u 


TiAj 


ft ii 

-»a) -^0) -^(i) 

I 1 1 


(A-ll) 


The V system^s unit vectors (1^, 1^, 1^) are defined in the 
same manner as the U systems except that earth relative rather than 
Inertial velocity is used. That is: 


= B/|Rl 

(A-12) 


(A-13) 

= 1x1 
— w — u 

(A-14) 


in like manner Tj^y is given by Eq. (A-15) below. 



r* ' 



(A-15) 


::r : r r ~ - - ^.ce 

r:r :;:r^ -- - «- - 

"™ ‘"■'Sels <» ,he Space sh„.„e '““'I" . 



figure A-1 


Use of Transformation Matrices 
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APPENDIX B 

COMPUTATION OF SPECIAL OUTPUT QUANTITIES 


In addition to the output that is obtained from a typical naviga- 
tion error analysis program, such as position, velocity, and platform 
alignment errors in the navigation coordinate system, several special 
quantities were requested for the Space Shuttle study. These included 
position, velocity, and platform alignment errors in the runway coordin- 
ate system (R) and the coordinate system (V) which is referenced to the 
position and earth relative velocity vector. The rms values of the error 
in computing altitude rate (fih), velocity magnitude (5Vj^), flight path 
angle (ft y), and track angle (60) were also desired. These quantities 
are tabulated at the end of each error analysis run for specific output 
times, and the tables are included in Appendix C. The equations re- 
quired to calculate these errors and their statistics are derived in this 
appendix. 

The rotation of the position, velocity, and platform alignment 
errors from the inertial (I) to either the R or V* coordinate systems 
is complicated only by the fact that the major interest here is in earth 
relative rather than inertial velocity errors. The error analysis pro- 
gram determines the error in computing inertial velocity. This difference 
is easily adjusted for by the application of Eq. (B-1) which relates inertial 
to earth relative velocity errors , 

= ir ' £?e ^ ^ 
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Thus, the errors in position, earth relative velocity, and platform align- 
ment may be related to the inertial errors using Eq. (B-2) - 
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(B-2) 


If the covariance matrix associated with ®^(P) 

defined to be Pj (the output of the navigation error analysis program), 


then a similar matrix P^ may be evaluated using Eq. (B-3), 

Pe = ^ePi^e^ 


(B-3) 


The coordinate rotations and defined in Appendix A, 

may now be used to obtain the desired errors and/or error statistics in 
the R and V coordinate frames. This is done using Eqs. (B- 4) through 
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The derivation of the equations used to evaluate altitude rate, 
velocity magnitude, flight path angle, and track angle errors are some- 
what more difficult and are derived, one at a time, below. The error in^ 
each of the four quantities is the difference between the actual value and 
the value which would be computed using the navigator*s estimate of posi- 
tion and earth relative velocity. - : — 

Altitude rate (h) is defined as 

. 5-Yr 


and the calculated value 



is evaluated using Eq, (B-9) below. 



(B-9) 


However : 
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6V = V - V (B-11) 

-R -R -R ' 

c 

6h = h - (B-12) 

If Eqs. (B-10) through (B-12) are inserted into Eq. (B-9), the following 
equation results: 

m - 6r) . (V„ - 6vp) 

h - 6h = (B-13) 

- 6r) . (R - 6r)] 

Equation (B-12) may now be expanded and only first-order terms main- 
tained. The result is an equation relating 6h to fir and fiVv,* 
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(B-14) 

2 

The variance of 6h niay be calculated using Eq. (B-14) below, 

all the terms of which have been defined in other places in this appendix. 

".t 


* 


If % = 

■»r 

^2 

then(a^jj x) = 

■ ° -^3 *^2 ■ 

ag 0 -a^ 


. 23 . 


-ag a^ 0 ^ 


B-4 



THE ANALYTIC SCIENCES CORPORATION 


The velocity im^ihide error equations are derived using the 
same logic as that which was employed to obtain the altitude rate error 
equation. Equstions (B-15) and (B-16) show the definition of velocity 
magnitude and the means of computing it. 

Vr = (Yr • (B-16) 

’h ' (Sr ■ Xr )* - ''r- "'-r 

c ^ c c 


With the aid of Eqs. (B-11) and (B-17) as well as the definition of Eq. (B-16) 
the following equation for 6vj^ may be written: 
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In addition, the variance of A v may be calculated using Eq, (B-19) 
below, 

(B-19) 


“Sv. •“vI'eV 


The equations which define flight path angle (y) and track angle 
(^(») are given below. 
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(B-21) 


where the unit vector along the 


earthy axis, is needed to define 


u = 


e = 


Tir 

iz a 

13z X u 


(B-22) 
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(B-24) 
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With Eqs. (B«25) through (B-27) dpfinoH -i- - 

forward to derive e;q,resslons for Sy and 6^ ru 

compute y is: • he equation used to 
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smy^ = 


Vr • He 
c 


V 


R 


However, the definitions 


6y = y - y^; 

6u = H “ H c 


(B-28) 


tB-29) 

(B-30) 


along with (B-11) and (B-25) may be substituted into (B-28) to obtain the 
following ejqaression for 6y. 



The variance for 6y is also easily shown to be; 
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(B-32) 


2 

Finally, the expression for and may be shown, with 
some effort, to be given by Eqs. (B-33) and (B-34). 
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(B-33) 


" % = 

This completes the development of the equations used to evaluate 
the special output quantities for the ^ace Shuttle landing system evalua- 
tion. ~ 
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APPENDIX C 

TRUTH MODEL MEASUREMENT MATRIX 
FOR DRAG ACCELERATION PSEUDO-MEASUREMENT 


The drag update filter used in the Space Shuttle entry navigation 
system during blackout employs an atmospheric drag pseudo-measure- 
ment in order to improve the on-board estimate of position and vel- 
ocity, The Kalman filter used in the computer navigation program 

requires the definition of a measurement matrix for the pseudo- 

£ 

measurement . If the performance of the drag update filter is to be 
evaluated using a "truth model", the measurement matrix Hg for the 
truth model must also be defined. The measurement matrix associated 
with a truth model similar to that defined in Appendix E is derived in 
this appendix. 


The atmospheric drag pseudo-measurement is defined to 
be a drag acceleration measurement constructed from the IMU accel- 
erometer outputs, The measured drag acceleration q (t) is 

^ ^meas 

related to the state vector of the truth model by the matrix of first 
partial derivatives The expected drag acceleration qp^^^(t) 

Is computed from a nominal atmospheric density model, estimates of 
the shuttle's aerodynamic coefficients, and the curreit estimate of 
position and velocity. qpj.g^(t) is related to the state estimate vector 
generated by the truth model by the matrix of first partial deriva- 
tives . It is shown in this appendix that 1^ can be defined in 

terms of and H .. 

meas pred 


C-1 
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The drag acceleration pseudo- measurement extracted from 
the accelerometer outputs is 


C C ' 

where Ut'd (t) is a unit vector in the direction of the computed relative 
velocity and^(t) is the measured specific force. The expected drag 
acceleration is 


Ved<« - |S<*' =-Oc»’r <*> 


(C-2) 


where Ct'* (t) is the computed drag coefficient for the Space Shuttle, A 
■^c 

is its cross-sectional area, and m is Its mass, p (t) and Vj^ (t) are the 

c c 

computed atmospheric density and relative velocity, respectively. The 

Qpre^W Is the residual 


difference between and 

IT16SLS 




(C-3) 


which appears in the update equation for the truth'model error state 
vector 


fiXg(t^ = axg(0 Kg(t) 6Zg(t) 


(C-4) 


where 6Xg(t ) is the estimation error prior to the update and 6Xg(t^) 
is the estimation error after the update. 

A linear covariance analysis requires that qg(t) be expressed 

as a linear function of 6Xc(t~). The drag accelerations q (t) and 

—5 meas 

q^red^^^ in Eq. (C-3) can first be referenced to the true drag accelera- 
tion q(t) 
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lmeas(‘^ = ~ 





(C-5) 


where q(t) is the solution to either Eq. (C-1) or Eq. (C-2) in the special 
case of perfect measurements, perfect state estimates, and precise at- 
mospheric and drag coefficient models. The perturbations ^^jneas^^^ 
and 6q^ ^(t) are then related to 63^(0 by the first partial derivative 

matrices ^pred^^^’ 


6q^.,e(t) = Hmeas^^' ^ ^ meas^ 


'meas 


%red(‘^ = " %red 


,(t) 


(C-6) 


where n (t) and ti ,(t) are zero mean white Gaussian sequences 
n^ieas *prea 

with variances 




meas 


''lV.d«>Ved«> 1 -'■s 


(C-7) 


These Gaussian sequences are used to model accelerometer quantization 
errors, uncorrelated errors in the estimates of atmospheric density and 
the drag coefficient, etc. 


The measurement matrix H„(t) for the truth model can be 


defined by 


H (t) = H ^(t) - H (t) 

s' pred meas 


(C-8) 
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With the composite zero mean white Gaussian sequence 7)g (t) defined 




E [Dg (t) llg (t)"^ ] ^ Rg 


(C-9) 


the residual 8 Zg in (C-3) then becomes 

^Zs(t) = 6qp^^^(t)^ 

= Hg(t) 6xg(f )+ t)g(t) (C-10) 

The update in Eq. (C-4) can then be expressed in the desired form 

% 

6Xg(t*^= Kg(t)Hg(t) 6^(D-Kg(t)t7g(t) (C-ll> 

This formulation of the update equation requires an explicit computation 
of H (t) from Eq. (C-8). 

D 

The perturbation 6q (t) in the measured drag accelera- 

meas 

tion can be determined by considering small perturbations about the 
nominal values in Eq. (C-1). These perturbations are depicted graphic- 
ally in Fig. C-1. f(t) is the resultant of the lift and drag accelerations 
on the Space Shuttle 

L(t) = iyjj(t) X (i(t) X , 

fl(t) = - (IvrW ■ Kt)) (c-12) 


Clearly l.oW • f(t) must always be negative. Hence, the absolute value 
"VK 

in Eq, (C-1) can be ignored in defining the perturbation 
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Figure C-1 Definition of Perturbations in Unit Relative 
Velocity Vector and Specific Force Vector 


where ■ ' 

*1vr(*^ = -Vr^*^ “ Vr/‘^ 

c 

6f(t) = i(t) - l^.(t) (C-14) 

The error 6f(t) in measured acceleration can be attributed to 
the standard IMU acceleration error sources defined in the drag-update 
phase truth model (Table 3,1-1) 

• platform misalignments (Group la) 

• accelerometer errors (Groups 2 
through 5) 

, • quantization errors (Group 1) 

Since the drag acceleration pseudo-measurement is formed directly from 
the accelerometer output, 6f(t) in Fig. C-1 is the same acceleration er- 
ror which drives the velocity components of 6Xg(t) in the truth model 
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. (see Appendix E). The perturbation is defined in Fig. C-1 to 

be perpendicular to Thus the principal effect of using the com- 

puted normalized relative velocity vector (t) in the drag accelera- 
tion pseudo-measurement is that a fraction of ^the Space Shuttle lift accel- 
eration is resolved into the pseudo-measurement. 


The relative velocity of the Space Shuttle with respect to the 
atmosphere is 

Yj^(t) = V(t) - fig X R(t) - V^(t) (C-15) 


where is earth rate and Y^(t) is the atmospheric wind. The unit 
vector iyj^(t) is then 


Y(t) - Oe X R(t) - y^(t) 

|Y(t.) - Qg X R(t) - v^(t)l 


(C-16) 


The computed relative velocity is a function of computed inertial position 
and velocity only 

^R (C-17) 

c 


and the unit vector is 


■VhW 

c 


YpCt) - Oe " gp/t) 

- «E X R^(t)| 


(C-18) 


R^(t) and Y^(t) are related to the position and velocity components of 
6Xg(t) by 
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The relationship of (t) to lyj^U) can be determined by 
substituting Eq. (C-19) into Eq. (C-16): 


YcW + fiv(t) - Og X (R(t) + 6r(t)) - V^(t) 
" iv„(t) + 6v(t) - Qp X (R(t) + 6r(t)) - V^(t)l 


With the definition 




-Vh • ‘Ir(0 


E " -c' 


With Eq. (C-14), the above can be solved for 

6Tp(t) f 

*5vr “ IV^(t) - Og X R^(t) i ■ \|y^(t) - fig X R^(t) 


(C-20) 


6Vj^(t) = flv(t) - Og X 6r(t) - V^(t) (C-21) 

It can be shown that a first-order expansion of Eq. (G-20) yields 


IvR(t) « + iy^(t)- QE >^5^(01 \\ v^(t) - Qe X R^(t) 1 7 (C-22) 


(C-23) 


The second term in Eq. (C-23) is minus the component of the first term 
along iyp (t). It follows that 6iyp(t) has no component along iyj^ (t) and 
therefore is perpendicular to iyj^ (t). By the small angle approximation 
Implied by the first-order expansion, 6iyj^(0 is also approximately 
perpendicular to Jyj^(t) as was noted in Fig. C-1. 


Equation (C-23) and the standard IMU acceleration error sources 
defined in Table 3.1-1 permit H (t) in Eq. (C-6) to be written. The 

IXIGaS 

partitions indicated below correspond to similar partitions of the error 
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State vector fiXs(t) in Appendix E. To simplify the notation, it is as- 
sumed in Eq. (C-24) that the non-standard wind components have been 
transformed to inertial coordinates. 




velocity true platform accelerometer 

errors misalignments biases 


6 13 


16 


19 


accelerometer 
scale factor errors 


T-Vr 


l/v ^3 


accelerometer accelerometer 

nonlinearities winds 

i -Vr^ '^i/p ^4 j Tj/p Fg j 0 j - 0 1 0 

28 3X 49 gg 


59 


(C-24) 


Where 


i^ft) 

U - % X Ec(t) I 




0 



(C-26) 


Vp “ transformation matrix from platform to 
inertial reference coordinates 
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fj 0 0 

0 f2 0 

0 0 


The elements of F^, F^, F^, and Fg are the components of the specific 
force f(t) coordinatized in platform coordinates. 

The computation of H^(t) requires that both H (t) and 
. ^ meas' ' ^ 

pred^*^ determined; therefore it is necessary to determine 
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by considering small perturbations about the nominal val- 
ues in Eq, (C- 2 ) 


*Ved<« = I H v|(t) + |c (t) 4 «p(t)v2(t) 

(C- 31 ) 

* m ft) • *XRft) 

where 

6 p(t) = p(0 - p^(t) 

6 Cj^(t) = Cj^(t) - Cj5 (t) 

0 

6 Vp(t) = Yj,(t) - 

= 6v(t) - Og X 6r(t) - V^(t) ' (C- 32 ) 


The ejqjression for can be simplified by writtng it in terms of 

the true drag q(t) 


6C„(t) &p(t) 2 (tV- 8y„(t) 


(C- 33 ) 


Relating 6p(t) and 6Cj^(t) to ) requires that both the computational 

models for the atmospheric density and drag coefficient be known and 
also that their true values be known. 


Assume that the atmospheric density model from which p (t) 

•. c 

is computed is a simple exponential function of computed altitude h (t) 

0 


^ 

The perturbation 6C0(t) is assumed to include perturbations in A 

and M. A more precise notation would be 5 (Cj^(t) ^ ) . 
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PJV = Po^ 


h (t) 
c 


sc 


(C-35) 


and that the true atmospheric density satisfies 


. JlW 

■ +Pf(R) 


(C-36) 


»i c 1 , T“ ‘"»=‘ty «<i the 

e,I TT, ^ '”■»“='» '«' «0(B 

Similar to that used for yields 


®p(R) SS -p (t) 


IrW • 6r(t) 

h ^ ■*■ PtCR) 


sc 


C-37) 


where Ij^(t) is the unit vector along R(t). 


One possible choice of the computational model of the drag co- 
ficient IS a quadratic function of the computed angle of attack « (t) 


= *^0 + Cj + Cg 


(C-38) 


where C^. C^. and are constants. The true drag coefficient can then 
be referenced to the model 


Cjj(a, M) - Cjj (a^) + Cj^ (a,M,t) 


(C-39) 


where o(t) is the true angle of attack and M(t) is the Mach number If the 

error in «^{t) is a negligible contributor to the error in C_ (a ), then a 

"/I c 


first-order expansion of 6Cj^(t) is 




(C-40) 
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If this assumption is not true, 6Cj^(t) must be derived based upon the 

computational algorithm for a (t) and Eqs. (C-38) and (C-39) . 

c 


Equations (C-32) through (C-40) permit fo be writ- 

ten. The partitions indicated below correspond to similiar partitions of 
the error state vector coordinatized in an inertial reference co- 

ordinate system. Two of the non-zero partitions below (for density and 

drag coefficient errors) correspond to partitions of H in Eq, (C-34) 

meas 

which were zero, as given in (C-41) assumes that the drag cor- 

related error (Group 1), non-standard density errors (Group 21), and 
non-standard aerodynamics errors (Group 23) are defined as percent 
deviations from their nominal values. It is also assumed that the non- 
standard wind components have been transformed into inertial coordinates. 


Ved« 


- q(t) 


posUton 

errors 


velocity 

errors 


drag 

correlated error 


1r (Qj, x) 


sc 




i 2 -vr 

1 

I -v^ 

* U 1 


DOD'Standard 
density error 
model 


non-standard 

wind 


6 12 

non-standard 

aerodynamics 

errors 


1 




49 


58 


59 


13 


46 


(C-41) 


This completes the derivation of the truth model measurement 
matrix Hg(t), which is obtained by substituting Eqs, (C-24) and (C-41) 
into 


H„(t) = H .(t) " (t) 

o pred meas 


(C-42)' 



/ 

/ 
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This definition of Hg(t) properly relates the error in the drag accelera- 
tion pseudo-measurement to the error sources included in the truth 
model. If additional error sources not considered in this appendix are 
included in the truth model, and if these error sources affect the pseudo- 
measurement, the corresponding additional non-zero partitions of Hcj(t) 
can be computed using the approach presented above. 


C-13 




appendix d 



^s.e„ ^ y ^ 

.0 co„p,„ „ce,„o„.te. 

s con.parl.o. Is used l„ otp„s,H„„ 

bllto ,; T °' «“» ‘b =l«Sr*<ibd by 

both .,™spte,e „„ds aud the dtfteyeuce between the tae atmospheric 

t.r«T “If “ h?“ 

r ;~rtr rrr “ 

IS ically evaluate the performance of the drag-update filter r 
^MoTr*' «”>»>Pb.r. In the 100,000* to 

o”dI T 

f data available in the open literature. 


D. 1 non-standard density model 


The atmospheric density model 
mechanization is some function of altitude 
may be a simple ejqmnential model 


used in the drag update filter 
Pf.( h^) • As an example, it 
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= Po ® 

where h (t) is computed altitude. If the true atmospheric density p(R) 
is a function of latitude and longitude as well as altitude, then the difference 

6p(R) = p(R) - p (h ) (D-2) 

w w 

is the non-standard atmospheric density error . The non-standard atmos - 
pheric density model developed in this appendix is comprised of three 
components 

p(R) = Pg2<R) + pgW + Pm(R) (d-3) 

where p^g (R) is a standard reference model, Pg(R) is a position- 
dependent bias, and Pj^^(R) is a first-order markov process. The three 
components of p(R) in Eq. (D-3) are defined such that the statistical 
properties of 6p(R) are similar to those that can be expected from an 
actual flight test. 

The most commonly used reference for atmospheric density 
models is the 1962 Standard Atmosphere (Ref. 36). The model consists 
of a single density versus altitude table with data points at 500 ft inter- 
vals. The component Pgg(^) ii» Eq. (D-3) is defined to be a linear inter- 
polation of the 1962 Standard Atmosphere. 

The true atmosphere density may differ from p««(R) for a 

Va 

variety of reasons. The most significant density variations in the alti- 
tude range of interest are ; 

• Long-term deviations due to season changes 
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• Diurnal deviations due to thermal heating 
and tidal interactions, and 

• Short term deviations due to weather patterns. 

Each of these effects has a correlation time considerably longer than the 

entry flight time of the Space Shuttle; therefore, the principal time- 

dependent deviations from during reentry are a function of the 

spatial distributions of the density deviations. The long-term deviations 

at different altitudes and latitudes have a strong spatial correlation and 

can be modeled by the position-dependent bias p„(R). Diurnal and short 

£> 

term density deviations do not exhibit strong spatial correlations and are 
best modeled in Eq. (D-3) by the markov process Pj^(R). 

Models of the long-term density deviations are contained in 
U.S. Standard Atmosphere Supplements, 1966 (Ref. 57). This reference 
defines separate density versus altitude profiles for each season at sev- 
eral different latitudes. As a rule, the most significant differences 
from the 1962 Standard Atmosphere are in the winter and summer pro- 
files. From experimental data. Cole (Ref. 29) has determined probability 
distributions for percent departure from the 1962 Standard Atmosphere as 
a function of latitude for both the December-January and the June-July 
time periods. The median departures determined by Cole are presented 
in Fig, D-1. The data in Fig, D-1 corresponds well with the supple- 
mentary atmospheres of Ref, 37 . 

During entry, the Space Shuttle will not pass through black- 
out at a constant latitude except for near- equatorial orbits. In modeling 
the effect of long-term density deviations on the drag-update filter per- 
formance, therefore, it is necessary to consider the particular altitude- 
latitude profile being flown. This can be done by scribing that profile 
onto Fig, D-1. This procedure is illustrated by the dashed lines in 
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DEPARTURE FROM 1962 STANDARD DENSifY 


Figure D-la M6dian Densities Given as Percent Departure 
fromU.S, Standard Atmosphere, 1962 During 
June-July at 80°N, 60°N, 45®N, and 30®N 



DEPARTURE FROM 1967 STANDARD DENSITY (%} 

Figure D-lb Median Densities Given as Percent Departure 
from U.S. Standard Atmosphere, 1962 During 
December-January at 80°N, 60°N, 45“N, and 30°N 
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Fig, D-1 for the reference mission 3B entry from a 104° inclina- 
tion orbit with a landing at Vandenberg AFB. This trajectory crosses 
269,000 ft at 74°N and ends blackout at 130,000 ft and 37.3°N. For the 
indicated seasons, the two dashed lines in Fig, D-1 provide a reasonable 
model of the long-term density deviations to be encountered on the ref- 
erence trajectory. 

The position-dependent bias pg(R) is defined to be one of 
two altitude-density profiles — a summer profile corresponding to the 
dashed line in Fig. D-la and a winter profile corresponding to the dashed 
line in Fig. D-lb.* This choice of Pg(R) is conservative in that the 
long-term density deviation expected along this trajectory for a spring 
or fall mission would be smaller than pg{R). The model is preferable 
to treatment of the long-term density deviation as a Gaussian random 
bias, however, because for four to six months of every year, the long- 
term, density deviations can be expected to have the amplitudes shown* 
Guassian statistics are not satisfactory for describing phenomena in 
which large positive or negative values are more likely (or nearly as 
likely) as small values* 

Data on the cumulative magnitude of the diurnal and short- 
term density deviations from Pgg^^) available from two sources — 
the distribution functions computed by Cole (Ref. 29) and spatial corre- ' 
lation functions computed by Justus and Woodrum (Ref. 33 and 34). In 
addition, Cole (Ref. 30) and Daniels (Ref, 32) provide estimates of spa- 
tial correlation distances.* Although there is a latitude dependence cited 
in the literature, it is not of major importance and can be ignored. 

Table D-1 summarizes the relevant information. 

* 

For a different reference trajectory, Po(R) should be defined for the 
appropriate altitude-latitude profile. 
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TABLE D-1 

CORRELATION FUNCTION COEFFICIENTS FOR SUM OF 
DIURNAL AND SHORT-TERM DENSITY DEVIATIONS 
FROM LONG-TERM (SEASONAL) AVERAGE 


Source 

Justus and Woodrum 

1 Cole 

Daniels 

Altitude 

115,000- 
210,000 ft 

210,000- 
280,000 ft 

- , 

113,000 ft 

210,000 ft 

230,000 ft 

all altitudes 

Standard deviation 
(% of average 
density) 

2/0 

B% 

2.75% 

6% 

6% 

— 

Vertical displace- 
ment correlation 
distance 

11 nm 

11 nm 

14 nm 

14 nm 

14 nm 

— 

• Horizontal displace- 
ment correlation 
distance 

54 nm 

54 nm 

270nm* 

270nm 

270 nm 

270 nna 


*Data was Inferred from statements that density deviations for 
horizontal displacements greater than 600 nm are uncorrelated. 


The entries in Table D-1 are reasonably consistent except 
for the horizontal displacement correlation distances- Little informa- 
tion on this parameter is available and the different authors admit to 
uncertainty in their estimates. The estimates attributed to Daniels and 
to Cole are made from macro-scale observations and are consistent 
with wind horizontal correlation distances computed by Buell (Ref. 28). 
The recommended design parameters for Pj^(H) are summarized in 
Table D-2. 

With the standard deviation and the correlation distances 
and Tjj determined from Table D-2, definition of Pj^(R) requires 
that the form of its correlation function be established. If the change 
in P|^(R) resulting from an altitude displacement AZ^is independent 
of the change from a horizontal displacement AX, the correct choice 
for the correlation function is 
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TABLE D-2 


recommended correlation function coefficients 
for the first-order MARKOV PROcS r^m 
IN THE NON-STANDARD ATMOSPHERE MODEL 


Altitude 

130,000 ft 

210,000 ft 

230,000 ft 

280,000 ft 

Standard deviation, c., 
{% of standard ref- ^ 
erence plus bias) 

2% 

6% 

6% 

8% 

Vertical displacement 
correlation distance, 
’‘h 

14 nm 

14 nm 

14 nm 

14 nm 

Horizontal displacement 
correlation distance. 

270 nm 

270 nm 

270 nm 

270 nm 


Cjj(Ah, AX) 


= E 


+ Pb<«> ■ ^(H + Ah+AX)+Pg(R + M ^AX)J 



(D-4) 


^nce only density variations along the shuttle flight path 
AX and Ah are related by 


are of concern. 


Ah - AR sin y 
AX = aR cos y 


(D-5) 


where 

ment. 


y is 
The 


the flight path angle and AR is the net position displace- 
exponent in (D-4) can therefore be simplified 
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2 2 ^ ^ 
+ AX^ 


2 


/ ■ 2 2 


2 

X 


= T 


R 


(D-6) 


With as defined in Eq. (D-6), the two-dimensional correlation func- 
tion Cj^(Ah, AX) can then be replaced by the one-dimensional correla- 
tion function 


AR 


(p-7) 


Eq. (D-7) implies that P^i^) satisfies the first-order dif- 
ferential equation 


^(R) = “ Pjj(R) + ^j^(R) 


(D-8) 


where V^(^) is a zero mean white Gaussian noise with a variance of 


E 


,2. 2aj^(R) 


= — 


CD-9) 


R 


This equation can be e3q>ressed in discrete form, but it is important to 
remember that the independent variable by which ^(R) is defined in 
Eq. (D-8) is position rather than time. The state transition matrix for 
pj^(R) is therefore 

AR 

^R 

0(AR) = e (D-10) 

This completes the development of the non-standard atmos- 
pheric density model. The model is defined as a sum of three terms 
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in Eq. (D-3). The first term is the standard atmospheric density 

reference model and defines the density as a function of altitude only. The 
second term Pg(R) adds the necessary latitude and season dependence to 
the model; recommended profiles are given in Fig. D-1. The last term 
Pj^(R) adds the diurnal and short-term dependence to the model; a recom- 
mended model for this term is defined by Eq. (D-8) and the values given 
in Table D-2. 

D.2 WIND MODEL 

The second item required for the non-standard atmosphere 
model is a non-standard wind model . The dragmpdate filter mechaniza- 
tion may not include a wind model, although it may account for turbu- 
lence by increasing the estimate of the pseudo- measurement variance. 
With this possible exception, the non-standard wind error is equal to 
the non-standard wind model. Because wind is a vector quantity, the 
model must describe both the wind direction and its velocity. This re- 
sults in a model which is more complicated than the non-standard atmos- 
pheric density model. A second complication is that the wind at a given 
location is analyzed in East-West and North-South coordinates in the 
literature, but the spatial correlation of the wind encountered by a re- 
entry vehicle is analyzed in terms of headwinds and crosswinds. This 
implies that much of the data must be transformed into trajectory- 
oriented coordinates before it can be used to define the non-standard 
wind model. 

The non-standard wind model defined in this appendix is com- 
posed of four components 

Y^(R, t) = + Yr(^) + Yc^^) (d-11) 

where 
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Yz^(R,t) = 


Yh(R) 


Yc(r) 


Y^(t) 


modeled as an 

altitude-dependent bias 
a headwind along the relative velocity 

Shuttle,, modeled as a 
first-order markov process 

a crosswind in the horizontal plane and per- 
pendicular to the relative velocity vector of 
^e Space Shuttle, modeled as a second-order 
markov process, and 

turbulence along the longitudinal, lateral and 

aSS r/ »«s^> “ 

as first- and second-order markov processes. 


Th. atar.c«rl«,cs ot the non-slandard » w whM most „,t,y .„ecl Ih, 
pert0,«»ee .he ep«e m.ee can he a« Jhp .eXl 
’ ““ IfeJgSalMaj ot these toe, components. 

. a „ '•“= are senerallp modeled as East-West femal) 

and Ndsth-Soeth (fflaBIaa., components. The sona. „,„d Is thT^Hp 
o^onen wtth setheten. spat, a. eceht.ton m .,ea.me„. as 

b2-""-'"»-otanda,dw.„d„mle,. Groves (Eet. 31) has t.bnto.ed 

onthly means for the zonal wind in the northern hemisphere as a func 

o“r " 

. and 40 N is given in Fig. d- 2. From the skewed distribution 
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in Fig. D-2 it is clear that the average zonal wind cannot adequately be 
modeled as a Gaussian random bias. A more reasonable approach is 
that previously adopted for the long-term density deviations, i.e. , to 
define deterministically using the January and July zonal wind 

profiles. This approach corresponds roughly with a worst-case average 
zonal wind model. Figure D-3 presents the July and January profiles 
for based upon the 104° inclination orbit and a landing at 

Vandenberg AFB. For different trajectories, the necessary profiles 
for V 2 ^(R) can be taken from Tables 7a and 10 of Groves (Ref. 31), 

The zonal wind component encountered during reentry can 
differ from the appropriate monthly mean by a significant amount- The 
available data on the standard deviation is summarized in Tables 15 and 
17 of Ref. ,31 as a function of altitude, latitude, and month. The latitude 



VELOCITY Ctt/Mcl 


Figure D-3a Mean Zonal (Westerly) 
Wind in July for Ref- 
erence mission 3B 
Entry 



Figure D-3b Mean Zonal (Westerly) 
Wind in January for 
Reference Mission 3B 
Entry 
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dependence is not significant and can be ignored. Figure D-4 presents 
the season-averaged standard deviations as a function of altitude only - 
this is in contrast to the season and trajectory dependence of 
As an indication of the likely range in magnitude of the zonal wind com- 
ponent, Icr bounds derived from Fig. D-4 are shown in Fig. D-3. 






R-12037 



Figure D-4 Season-averaged Standard Deviation of 
Zonal Wind Component as a Function 
of Altitude 


The data in Fig. D-4 must be used to define the standard dev 
lation of the trajectory-oriented wind components Vjj(R) and V^(R). . 
Before this definition can be made, however, it is necessary to deter- 
mine the standard deviation of the meridional wind component. The 
meridional wind is characterized at a given latitude, longitude, and 
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■ altitude by a small monthly mean and a 7 =. 

The strong ernir*"' 

meridional wind encountered alon^. ^ correlation so that the 

•« - »h,aee.. e^:" 

S'^arce, but that supplied by Grove. • m ‘^e meridional wind is 

be used ,„u ,be „e«,„« «« 

It permits wind variations to be modeled a 

altitude, the standard deviation of the ■ f *■ e. , at a given 

(horizontal) direction is a const t ^ ^°"iPonent in an arbitrary 
■« T«,eu.u, .be s. J ^ ^ 

D-4. and V^(R) are given by 

functions o^ 7^) \77T) correlation 
correlation coefficients . Justus and ^ 00 ^'"^ 
mentally determined spatial correlaf experi- 

tude range, but their analysis includ the desired alti- 

the Wind spectrum. Consequently th^ 7^^ P°rtion of 
processes which they analyzed are’ less 

Fig. D-4. Buell (Ref . 28) determined th T '^^iues in 

«». ,.U ,bu spsctan , . “»«- 

o, SS.U..S a„ su„l:::; “ r. “ TT 

Mended .0 tbe appropriais ■ » B«l's remits are 

Iwo sete ot data are consistent - ’ ' Toss.ble to show that the 

dtspucemen. eorreU.ton eoefflctent Mt^ rnlrtr” 

D-4 has nearly the same expected ch^n . deviations in Pig. 

placement as is predicted by Justus and^Wo^d^ dis- 

sistency implies that Buell's results ca “»*>del. This con- 

desired altitude range . ” reasonably be used in the 
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TABLE D-3 


SPATIAL CORRELATION DISTANCES AND 
ST^DARD DEVIATIONS FOR ISOTROPIC WINDS 
(V'pjCR) AND V^(R) IN NON-STANDARD WIND MODEL) 


Source 

Justus and Woodrum 

Buell 

Altitude 

150,000- 
210,000 ft 

210,000- 
280,000 ft 

all altitudes 

Horizontal displacement 
correlation distance 

27 nm 

55 nm 

270 nm 

Standard deviation for 

horizontal correlation 

function cr__, 

n C 

20 ft/sec 

59 ft/sec 
5. 5 nm 

Fig. I?-4 

Vertical displacement 
correlation distance 

3.4 mn 


Standard deviation for 
vertical correlation 
function 

6. 5 ft/sec 

16 ft/sec 





The horizontal displacement coefficient chosen for V (R) 

and Vp(R) is the 270 nm value from Buell. The small standard devia- 
tion which Justus and Woodrum associated with the vertical displacement 
coefficient indicates that the horizontal winds at different altitudes are 
strongly correlated. Compounded with the fact that Space Shuttle re- 
entry trajectories have small flight path angles, this implies that the 
vertical displacement variation in Vjj(R) and V(,(R) can be Ignored. 

Given that the spatial correlation functions for Vjj(R) and 
V(,(R) are functions of horizontal displacement only, they can be 
eiipressed in terms of Fig. D-4 and the chosen value for t . Buell 
makes an important distinction between the two correlation functions. 

The headwmd Vjj{R) is modeled as a first-order random process with 
the correlation function 
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_ AX 

Cjj(AX) = o-^e (D-12) 

but the crosswind is modeled as a second-order random process with the 
correlation function 

AX 

Cj,(AX) = (1 - AX) e ^ (D-13) 

The standard deviations and cr^ are the appropriate entries from 
Fig. D-4. These two functions are illustrated in Fig* D-5. The negative 
value for C^(AX) for a displacement greater than 600 nm is a consequence 
of the cyclonic nature of weather patterns - a reentry vehicle crossing a 
low pressure region in the northern hemisphere will ejqjerience cross- 
winds first from port and then from starboard. 



0 200 400 600 800 1000 1200 1400 1600 


HORIZONTAL DISPLACEMENT, Ax (nm) 

Figure D-5 Correlation Functions for Headwind V„(R) 
and Crosswind V«(R) as Defined by E^* 
(D-12) and (D-lsr 
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/ 





Equation (D-12) implies that Vjj(R) satisfies the first-order 
differential equation 

Vh(R) = - ~ Vjj(R) + t,h(R) (D-14) 

X 

On the other hand, V^(R) is the output of a second-order differential 
equation 

= F^W^(R) +G^T|^(R) 

Vc(R) = H^W(R) (D-15) 

where 




" t ^ ^ ] (D- 16 ) 

The inputs in Eqs. (D-14) and (D-15) are zero mean white Gaussian noises 
with variances of 
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E[nfj(Rn 


2 or, 


H 


X 


4 aJ 


(D-17) 


In all the above equations the independent variable is horizontal displace" 
ment. In the discrete case, the state transition matrices are 

AX 

<>jj(AX) = e 

^»^(AX) = ^ (D-18) 


The last component of the non-standard atmospheric wind model 
is the turbulence component V^(t). Turbulence in the free atmosphere 
can be modeled by the Dryden spectrum (Ref. 32). The Dryden spectrum 
for turbulence along the relative velocity vector is 




1 


1 + L2s2/Vj^(t)2 


(D-19) 


and the spectrum for turbulence perpendicular to the relative velocity 
vector is 


'if. 


L.a^ 1 + 3 s V/Vj^(t)^ 


T± 2V (t) 


1 + s^L^/Vj^(t)® 


(D-20) 
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• where Vj^(t) is relative velocity and L and are design parameters. 
The suggested values of L and during blackout are 

L = 1750 feet 

oip s 13 ft/sec (D-21) 

These are the values used in the definition of V^(t) . 

Random processes with the spectra given by Eqs. (D-19) and 
(D“20) can be defined by passing white noise through the appropriate 
linear system. The turbulence along the relative velocity vector is 
defined by the first-order system 




W^y(t) = --^ W^y(t) +,7^y(t) 




L W^(t) 


(D-22) 


and the turbulence perpendicular to the relative velocity vector is defined 
by the second-order system 


where 


tl 


II 

> 



Tj.' 


Tx 


V^it) 


- 2 




(D-23) 


D-18 



G 


Ti 



V ■ 



vrj 


(D-24) 


The inputs to Eqs. (D-22) and (D-23). 

With variances “®an white Gaussi 


= E[r}^jt)2j ^ ^2 


lan noises 


(D-25) 


It should be noted that th^ 

7^;°n^ time. This is in contrast 

Vg(R) and V^(R), discrete ver , “ developed for ' 

respectively, are versions of Eq. (D- 22 ) and Eq. (D- 24 ) 


♦qy(At) = 


~L- At 


and 


*Tx^At) = 


(D-26) 


0-21 


The first term V fp) • ^ in Eq. (d- n) 

Of altitude, la^Le, ZZlZT ^ f:nc- 

-“--- 3 . T^.e™\;rr;r;”:rr 

.« ..Cuir::: r 

ns due to diurnal effects 
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and weather patterns; recommended models and values are given in 
Eqs. (D-14) and (D-15) and Table D-3, respectively. The last term 
VY(t), is a function of time only and adds the high frequency wind com- 
ponents. V^(t) is expressed in vehicle coordinates and is modeled by 
a longitudinal component V^y(t) and a transverse component (t); 
recommended models and values are given by Eqs. (D-22), (D-23) 
and (D-24), respectively. 
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APPENDIX E 

TRUTH MODEL STRUCTURE FOR SHUTTLE ENTRY 
AND LANDING NAVIGATION STUDIES 

The basic truth model structure is shown in Fig, 2. 3-1. The 
truth model (Fg, Hg) is related to the filter model (F^, H^) by a trans- 
formation matrix A. Equations for Hg and H^ during the drag-update 
phase were developed in Appendix D and Section 4.2, respectively; Fg, 
Fp,, and A for the drag-update phase are developed in this appendix. 

In addition, all five matrices are developed for System E. 

E.l DRAG-UPDATE PHASE 

The drag-update phase truth model requires a 13 x 13 filter 
dynamics matrix, Fp, and a 59 x 59 system dynamics matrix Fg. The 
only external navigation aid is the drag acceleration pseudo-measurement. 

Figure E.1-1 presents the overall stnicture of the Fg matrix 
for the drag-update phase. The upper-left partition of F„ is the 13 x 13 

o 

matrix F^ whose elements define the dynamic interaction between 

the Group 1 error states. This sub-matrix of Fg corresponds* to the 

filter matrix, F„ . The horizontal row of sub- matrices, F- - through 

i>, ra 

I and Fp are identical except that states 7 through 12 are expressed 
In the I frame in Fp and in the P frame for F j ^ . The definition of A 
in Eq. (E. 1-21) provides the necessary transformation between the two 
representations. 


E-1 


SCIENCES 


CORPOr^-|-jq^ 


R*UJ98 



9, defines the effectq nf 
(Groups la through 9) on the velo”rT’ — 

'mtrices along the main diagonal, F ^ through 6). The sub - 

^23,23- define the dynamics of ail 000 -^ 1 ™.?!!’ ^21,21 through 

or a group of random-constant error sources Vis 

es, this submatrix is zero. 

The submatrices F j 

group-number designations gill T^bllTli 1 
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where 

g — — — 1 s: Y • • • 13 

and Tj • • • r s^re the drag-update filter time constants assigned in 
Table 4.2-1. Also 



li = gravitational constant 

1=3x3 identity matrix 

g = position vector (in I frame; 
see Appendix A) 
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(E.1-4) 



specific force vector in the 
P frame 


^ QUALITY 


T_y^ = 3x3 matrix which transforms 
' vector in the P (platform) frame 
to the I (navigation error analysis) 
frame; see Appendix A. See also, 
the discussion of the A matrix, at 
the end of this section. 


Group la - True Platform Misalignments (3 states) 

^l,la " ^p] 3 X 3 ’ ^la.la ^f°^3x3 CE.1-5) 


Group 2 - Accelerometer True Biases . (3 sensors, 1 state each) 

^1,2 ^ ['^l/p]3x3 ’ ^la,2 ^ ^2,2 t°]3x3 


Group 3 - Accelerometer Scale Factor Errors 

(3 sensors, 1 state each) _ _1 

^1,3 = ['^I/P^3]3x3 ’ ^la,3 " ^3,3 " f°^3 x 3 

(E.1-7) 
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where 


F = 


0 

0 


0 


0 

0 


0 f. 


(E.1-8) 


Group 4 " Accelerometer Misalignments 
(3 sensors, 2 states each) 


1,4 


where 




= [0] ; ^^4 4 = [0] 

3x6 


6x6 

(E.1-9) 


F s= 
^4 


h ^3 


0 0 0 0 


0 0 % I3 0 0 


0 0 ^ ® ll ^2 


(E.1-10) 


Group 5 — Accelerometer Non linearities 
(3 sensors, 1 state each) 


'1,5 - [’■i/p^'s],^, i f 


I/P'5j. . ' 'la,5 "■ 5,5 ■ to), , (E.l-ll) 

' ’ .3x3 


where 


^5 = 


0 

0 


0 

f2 

2 

0 


0 

0 

.2 


(E.1-12) 
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Group 6 — Gravity Deflections and Anomaly 
(in the vehicle relative velocity coordinate system (V frame)) 


^16 J * ^6 6 


•1/t 0 

• u 


“1/t. 


0 

0 

-1/r. 


w 


where 


(E.1-13) 


of & f age Ig " 

- t^OOR QUautV t = 


= 


u' R 

d Al 

V R 

d /V^' 

w' R 


and d , d , d are correlation distances which are esmressed in tabular 
u* v’ w ^ 

form as a function of altitude (Ref. 14), 

Group 7 — Gyro Bias Drifts (3 sensors, 1 state each) 


^la,7 f^^3x3’^l,7 ^7,7 


3x3 


(E.1-14) 


Group 8 " Gyro Mass Unbalances (3 sensors, 2 states each) 


la, 8 


f^ 0 0 0 0 


^2 ^3 


0 0 


^3 h 


’ ^1,8 f®^3 x6 * ^8,8 "" X 6 


(E,l-15) 
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The elements Of F. „ and F. ^ below, are determined by the gyro in- 

1,0 ^ 

put and spin axis directions shown in Fig. E. 1-2. 


VERTICAl 
At lAUNCH 


t 



|•I0«4 


DOWNRANOe 
AT lAUNCM 
(SOUTH} 



Figure E . 1-2 Orientation of Gyro Axes 


Group 9 " Gyro Anlsoelasticity . (3 sensors, 1 state each) 


la, 9 


•l<2 ° “ 

» Vs " 


» “ Vs 


* ^ 1,9 " ^ 9,9 


3x3 


(E.1-16) 
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Group 21 — Non-Standard Density (3 error sources, 3 states) 



0 

0 

0 

1962 Standard Atmosphere 
modeling error 

^21,21 

0 

0 

0 

time -varying bias 

0 

0 


markov 


• 

' — - 


- (E.1-17) 


where is determined as a function of altitude and flight path angle in 
Appendix D . 


Group 22 — Non-Standard Wind (4 error sources, 9 states) 


22 



westerly 


headwind 


crosswind 


turbulence 

(E.1-18) 


where is given in Table 3.1"3, Equations for turbulence dynamics 
are defined in Appendix D, but the time constants are so short and the 
magnitude of the disturbance is so small that they are not used in the 
truth model. Instead, the assignment 
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''t-PIsxs 

is made and turbulence is included as a portion of the 5% drag accelera- 
tion measurement noise in Group 1, 

Group 23 - Non-Standard Aerodynamics (1 error source, 1 state) 

■^23.23 " [-;^] 

where is given in Table 3.1-3. 

A Matrix 

The 59 X 13 matrix relating the drag-update filter states to the 
truth model states has the form 





where A' is a 13 x 13 submatrix 


ORIGINAL PAGE Ts 

0^' POOR 


A' 


6 9 12 13 


CD 
X ! 
CO 1 
*-• ! 
i i 

0 

0 

0 

0 


0 

0 

0 

0 

’’’pA 

0 

0 

0 

0 

hxl 


(E*l-21) 


(E.1-22) 


The filter states 7 through 12 (misalignments and accelerations) are de- 
fined in the inertial (I) frame. The corresponding truth model states in 


E-9 



, 

THE ANALYTIC SCIENCES CORPORATION 


Group 1 are defined in the platform (F5 frame in order to relate them 
more readily to Groups la and 2. Thus, the transformation I to P ap- 
pears in the A matrix. The drag-update filter system matrix is related 
to Fj j in Eq. (E, 1-1) by 

Fp = A' Fj j (A')"^ (E.1-23) 


The markov processes in Groups la through 23 in the drag- 
update phase truth model require that the elements of the system pro- 
cess noise matrix associated with those states be non-zero. If 
all the non-zero markov processes are stationary, then the continuous 
process noise matrix Q„ defined in Eq. (2.3-9) is related to F„ and 
l>s(0)by ® 


The discrete process noise is then related to Q« by 

\ = / [^s\+i- [^s(*k+r '^'>Y 

A 


(E.l-25) 


.th 


To illustrate the application of Eqs. (E. 1-24) and (E.l-25), if 
the !’■“ truth model state is a stationary first-order markov process, a 
correlation time, r for the state is assigned in one of Eqs. (E.1-1) 
through (E.1-20) and a variance, a , is defined in either Table 3.1-2 


or 3.1-3. The corresponding elements of P«(0), F„, and Q« 

b b Sj^ 


are 


(0) = of 


Hi 


(E.1-26) 

(E.1-27) 
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2a" 

% = — (E.l-28) 

It ' 1 

Kii 1 

Similar results sxe obtained for stationary second~order markov proces~ 
ses, although the expression for depends upon the precise structure 
of the 2x2 submatrices of Pg(0) and Fg associated with the markov 
processes. 

Constant error sources can be considered a special case of 

Eqs. (E. 1-26) through (E. 1-28) with t. = » and Fg.. = = 0. 

Non st ationary markov processes with slowly- varying parameters can 

be modeled by recomputing Qg as r. and a? change. For time- 

Kii ' 1 

varying biases which have no associated dynamics, such as the time- 
varying density bias (Group 21) or the mean westerly wind (Group 22), the 
corresponding components of Fg and Qg^ are set equal to zero and the 
corresponding elements of Pg(t) are obtained directly from the appro- 
priate profiles in Appendix D. 


E.2 system E 

The System E truth model requires a variable-dimensioned 
navigation system Kalman filter dynamics matrix, F^, and a truth model 
system dynamics matrix, Fg. The maximum possible dimensions are 
assumed in this appendix, i.e. , F^ and Fg are 15 x 15 and 100 x 100, 
re^ectively. The discussion in Section 4.3 indicates which states of F 
should be removed when the Kalman filter has fewer than 15 states. The 
relationship developed below between and Fg then indicates which 

states should be removed from F„. 

S 
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Figure E.2-1 presents the overall structure of the Fg and Hg 
matrices for System E. The structure of Fg is similar to that of Fg 
for the drag-update phase. The eight system measurement matrices 
(row vectors) are outlined in the lower half of Fig. E.2-1. For all but 
the drag pseudo-measurement (Hgg), the first 15 elements are the same 
as those of the corresponding filter measurement matrix. Other non- 
zero submatrices, H. . , define the effects of the correlated error sources 

ij] 

(Group j) in question on the measurement residual, 6z^, in question. 


The only submatrices of Fg which have changed from the 
drag-update phase are F^ ^ and the new block diagonal matrices 

oA* These submatrices and H. , are defined below us- 

10,10 20,20 i,j 

Ing the group number designations given in Table 3.2-1. In addition, the 

filter measurement matrices * ' * Hp are also defined; Hp Is de- 

12 8 

fined in Section 4.2. 


Group 1 - Estimated States (see also Section 4.3) 




THE ANALYTIC SCIENCES CORPORATION 
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ESTIMATED 

STATES 


NON ‘ESTIMATED 
IMU-RELATED STATES 


NON-ESTIMATED 
EXTERNAL-AID 
RELATED STATES 
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* 

% 
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100 

|Bl.l0Bl,ul 0 I =1,16 I 0 1 

I 1=2.181 0 I =2.» I 0 I 

I® 1=3,12 I 0 1 

I ® 1=8,13=4,18 I ® I =8,17l®l=8,aoI ® 1 

I ®. I =8.15 I ® V 

I ® I =8.13 =8,18 I » l=8,17i ® ! =6,20 I ® 1 

I 0 \\n\ 0 I Vo I ® 1 
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Figure E.2-1 System E Truth Model Structure 
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Group 11 - TACAN Range Scale Factor (1 station, 1 state) 


^11,11 = (E.2-3) 

®1,11 = IPil (E.2-4) 

where is defined in Table 3.2-1 and is the range to the TACAN 
station. 


Group 1 2 — Baro Alt imeter Errors (4 error sources, 4 states) 


P 

12,12 


0 

0 

0 

0 


0 0 0 

0 0 0 

0 -1/t^ 0 

0 0 0 


bias 

scale factor 
markov 
static defect 


(E.2-5) 



h 



(E.2-6) 


where is defined in Table 3.2-2, h is altitude, and Vr is the Shuttle 
relative velocity with reject to earth. 


Group 1 3 -- MLS Time-Varying Biases 
(azimuth bias, elevation bias, range bias, 
range scale factor; 4 states) ^ 


^13,13 = 


(E.2-7) 

\l3 =[100 

0] 

(E.2-8) 

*^6,13 " [ ° 10 

OJ 

(E.2-9) 

®7,13 "" [ ° 0 1 

I^aH 

(E.2-10) 
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where ] p^| is the range to the MLS DME antenna. 

Group 14 — MLS Second-Order Markovs (3 error sources; 6 states) 


14,14 


OEIGINAL^PAGEK 

OF POOR QUALITY 


0 



■ ' ‘ 


H 


6.14 - t 

7.14 


H_ .. = [ 


0 

0 


• 0 


’’DME 

1 

^DME 


0 

I 1 0 I 

0 


■’’dme 

0 


azimuth 


elevation 


range 


0 ] (E.2-12) 

0 ] (E.2-13) 

1 0 ] (E.2-14) 


where r^, r^, and are assigned in Table 3.2-2. 

Group 15 - Radar Altimeter (2 error sources, 2 states) 

0 0 
1 


15,15 


«5,15 = t 1 ] 


ra 


(E.2-15) 


•^2X2 


(E.2-16) 


where r is defined in Table 3.2-2. 
ra 
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Group 16 — TACAN Survey Eri'ors 
(2 antennae, 3 components each) 




^16,16 ■ 

t^^6x6 



(E.2-17) 

%,16 “ 

1 1 

“Pi “Pi 

l£ll l£il 

0 

0 

0 

i 

(E.2-18) 

**2,16 

9 

0 

0 0 

"^2 

l£sjl 

"U« 

l£sjl 

(E.2-19) 


where are the components in the R frame of the vector 

Pj(see Fig, E.2-2); p^ Is the relative position vector from TACAN to the 
Shuttle. U 2 j^, U 2 q , U 2 j^ are the components of the unit vector Ug , per- 
pendicular to p^ and lying in the horizontal plane (see Fig. E.2-2). 

The vector _Pg^ is the projection of onto horizontal plane . 



Figure E . 2-2 TACAN-Shuttle Geometry 
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Group 17 - MLS Survey Errors 
(3 antennae; 3 components each) 




9x9 


"4.n ' [ -(Or -«0<c 

"e.n ' [ 0 


I -«% 


where 5^, components in the R frame of the 

vector 6a (see Fig. E. 2-3) defined by 


66! = 


(£a 

La si 


6 and 6 are the components in the R frame of the vector 

6 g (see Fig, E. 2-4) defined by 


ftp = 


Le 1 


and Pa y Pa 7 Pa ^re the components in the R frame of^ . . 
^ ^ ^ 


Group 18 — Not Used for System E 


Group 19 - TACAN Bearing Bias Error (1 error source; 1 state) 


r ' 

*'l9, 19 " [ ■ 20,000_ 1x1 


, "2’ 19 


= [ 1 ] 


(E.2-26) 

(E.2-27) 
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SHUTTLE 


R-14 201 



Figure E.2-3 MLS Azimuth-Shuttle and 

MLS DME -Shuttle Geometries 





Figure E.2-4 MLS Elevation-Shuttle Geometry 
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Group 20 — MLS Timing Errors (3 error sources; 3 states) 


^20,20 

X 3 


(E.2-28) 

“^4,20 

II 

0 ] 

(E.2-29) 

“ 7,20 

= [0 0 


(E.2-30) 


where a ^ [ p^| are the azimuth rate, elevation rate, and range rate, 

respectively, of the Shuttle relative to the appropriate MLS antenna. 

The only elements of Fg and Hg which have not been defined 


are the filter measurement matrices 

Ht? 

• • • H 

% 
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% 
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% 

f ‘**6,17 
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1 1 
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(E.2-37) 


■ [ -=7,17 

1 

0 1 

0 

1 0 

1 

0 ] 

(E.2-38) 

where 

^Rl> ^R 2 » ^RS components in the I frame of the unit 


vector in the vertical direction. 
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A Matrix 

The A matrix for System E is a 100 x 15 matrix relating the 
Kalman filter states to the truth model states. A has the form 



(E.2-39) 


where A' is a 15 x 15 matrix which differs from A' as defined in 
Eq. (E. 1-22) only in that the submatrix is replaced by a 
matrix. 
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APPENDIX F 

DRAG-UPDATE ERROR CONTRIBUTION 
TIME HISTORIES 


This appendix presents the time histories associated with the 
error budget results summarized in Section 5,1. The data is presented in 
tabular form with each table indicating the rms errors in position and 
velocity, and the rms values of the platform alignment estimates, in both 
the R (runway)* and V (relative velocity) coordinate frames (see Appendix A), 
which result from a specific error source or group of errors. The rms 
errors in altitude, velocity magnitude, flight path angle ( 7 ^, and track 
angle (0) are also presented. In addition, the rms value of each of states 
10 through 13 is given at 130,000 ft. 

The time points in each table correspond to entry interface at 
400,000 ft (t =0 sec), just before and after the first drag acceleration 
pseudo-measurement (t = 312 sec), and every 60 seconds thereafter until 
just before the first TACAN measurement (t = 1432 sec). The magnitudes 
and mathematical description of the error sources are given in Chapter 3. 
Units are in feet, feet/sec, radians, and radians/sec . 


Note that the order of the runway coordinate printout is (Vertical, Cross- 
range, Downrange) in Appendix F and (Vertical, Downrange, Crossrange) 
In Appendix G. 
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1.556E-01 

2.6352-06 

1,9752-07 

3.371E-07 

7.433E-06 

6,6092-06 

732,00 

7.458E*M 

T.fl31£*01 

7.077E401 

1 .767E#01 

1.8152-01 

1.592£-0t 

2,5572-00 

2.3212-07 

5.507C-07 

1,0352-05 

6,0002-06 

772.00 

0.6iigB*Oi 

0.43lg*0'l 

r,fi67C*0l 


1.44S£«0I 

1,. 6022-01 

l.470e-68 

2.935t-0'7 

3,8112-07 

1,1352-05 

5.705E-06 

052,00 

74»72£*6i 

7,072C*01 

e,40SE*Ol 

2.25OE-01 

1.7092-01 

1,6462-Oi 

3,006E-08 

3,8612-07 

4,25bE-07 

1,2442-05 

5,6672-06 

712.00 

i^ne£«02 

7,B13E*01 

7»470E*0l 

2.360E-01 

1,7562-01 

1 .6652-01 

3,9472-08 

5,1302-07 

4.7652-07 

1,3642-05 

5.8652-06 

772,00 

U237E + 02 

1 ,070E*02 

U033E40? 

I.417E-01 

t4«0«2-01 

1,6022-01 

5.2912-08 

7,5722-07 

5.7352-07 

1,4872-05 

6,3752-06 

1032.00 

1,381E«o2 

1,15<JE*02 

1.120E402 

2.4e2£-oi 

1 .Buer-ot 

1.7612-01 

7,645£-08 

9,9982-07 

5.9442-07 

1 ,6382-05 

7,2342-06 

1072. CO 

1,U72E*02 

1 .237E.02 

1 ,214E*02 

2.511E-01 

t,«86C-0l 

Ii7322-0l 

1,05S£-07 

1,2942-06 

5,5602-07 

1, 6052-05 

6,6312-06 

1152.00 

U5U7E.02 

1 ,327E*02 

1.330E402 

2.U2SE.01 

1.9092-01 

1,7932-01 

1.339E-07 

1,7302-06 

4,6432-07 

1,9472-05 

1,0922-05 

1212.00 

l.617E*C2 

l,3flee*02 

i.45lE*0? 

2.379E-01 

1,9002-01 

1,8892-01 

1,6812-07 

2.029E-06 

2,0652-07 

2.U7E-05 

1.41SE-05 

1272.00 

1.63t£«02 

ii4uoe«o2 

1 ^*03E+02 

2.228C-01 

1,8542-01 

2.0522-01 

1,8362-07 

2.4152-06 

1.436E-07 

2,2752-05 

1 .909E-05 

1332.00 

1^634E*02 

1 .524E*02 

1.673E+02 

2., 077E-01 

1,8962-01 

2,l3«t-01 

l,9aS£-07 

2,6392-06 

5,6442-00 

2.557E-05 

2,3952-05 

1372.00 

1 .742E«02 

1,467E»02 

1 ^«ff7E402 

1.799E-01 

2. 1122*01 

2.0582-01 

1,8252-07 

2,5602-06 

8,9062-07 

3,0252-05 

2.814E-05 

1432.00 

1.646E702 

1.757E+02 

i,464t*02 

l,766E-0t 

2.29^92-01 

1.9532-Oi 

1,6222-07 

2,2552-06 

1.4062-06 

3,4l6E-05 

3,066E-0S 

AOOmOHAL STATE ESTIMATES AT 

130,000 ft 

(10 TO NF» 






- 
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4.311E- 
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ORIGINAL PAGE IS 
OP POOR QUALITY 


enoup 2 AccacRorieTeR d!as 


POSITION rSTlNATS CRftOR VCkOCTTr CSTIhatC CPROP 

TlMt R C D R C D 


0,00 

6.3ASE403 

1.079E405 

312.00 

5.170E403 

2,828E403 

312,00 

5.659E403 

3.531E403 

372,00 

5,41bE403 

3,9U2E*03 

032.00 

5,100E4«s 

fl,2«9E403 

092,00 

a,7b7E403 

4.527E403 

552,00 

a.4|9C403 

fl,772E405 

612.00 

4,0blE403 

fl,98SE403 

*72,00 

3,b95E405 

5. 162E403 

732.00 

3.324E403 

5.307E403 

792,00 

2.951E403 

5,419E*03 

852.00 

2.579E403 

5,«96£405 

912.00 

2.213E401 

5.538E403 

972.00 

1 ,83bE403 

S.556E403 

1032,00. 

1.515E403 

5.523E403 

1092,00 

1 .200E40S 

5,UU9E*03 

1152,00. 

9.238E402 

5.337E403 

1212,00 

7.095C402 

5.180E405 

1272.00 

5.680E402 

4.992E403 

1332.00 

5,1402402 

4.769E403 

1392,00 

S.218E402 

4.571E403 

1432,00 

S,S56E402 

A.aU3£403 


TINC U V 


1.203E403 

2, 7902400 

6.5658400 

2,4S2E«eO 

A.425E40? 

a.62b£400 

A.666E400 

2,5728*00 

3.521F402 

O,e79E*O0 

5.496E400 

. 2.8468*00 

2,3BUE*02 

S.236E400 

5.1U9E400 

2.862E*00 

2,369E*02 

5,5178400 

A.682E400 

2,B7UE*00 

3.397E402 

5,7588400 

4.195E460 

2,eb7£*00 

a.B26E402 

5,9548400 

3.697E400 

2.831E*00 

6.572E402 

6»t06E*00 

3,1968400 

2.797E+0O 

7.9U9E402 

*.2138400 

2, 7078*00 

2.7S8E400 

9,5258402 

6.276E400 

2.2428*00 

2.713E*00 

1.106E403 

6,297t400 

l.627E*00 

2.b»2E*00 

l,2blE40S 

6,2758400 

1.5038400 

2,606E*00 

1,«06E405 

*,2068400 

l,335E*00 

2,S44E*ftO 

1.5S1E403 

6.1048400 

1.3668*00 

2.A75E«00 

1.683E403 

5,9258400 

1,5768400 

2.392E«0e 

1 .aouEtos 

5,6838400 

i.eaiEtoo 

2.3008*00 

1.908E403 

5,3808400 

2,2188*00 

2,1958*00 

1,99T£403 

5.0128400 

2, 5458*00 

2.0908*00 

2.0bb£403 

A.590E400 

2,frUlF*eO 

1,9018*00 

2.120E403 

A, 177E400 

3, 0708*00 

1,090E4CO 

2. l8b£40S 

3.914E400 

3,2938*00 

1,0208*00 

2.231E403 

3.7S4E400 

3,4318*00 

l,J92E*0e 

H 

U 

V 




0»00 

112,00 

312.00 

372.00 

032.00 

492.00 

552.00 

*12,00 

672.00 

732.00 

792.00 

SS2.C0 

912.00 

972.00 

1032.00 

1092.00 

1152.00 

1212.00 

1272.00 

1332.00 

1392.00 

1932.00 


а, 2022402 6,090003 

e,998e*02 5.83OE403 

5,7tuE«02 6,650E403 

5.96&C*02 6.676E403 

S.5e(lE«02 6,612E*03 

5,6OUEt02 6 ,So9E'^03 

5,6BUE«02 6,062£«03 

5,706C*02 6,0|{E403 

5.730C402 6.333E*03 

5.757E402 6,206C40J 

5,729E4D2 6,l52e«0S 

5,70UE4e2 6*a3ec*0S 

5,659E*'02 5,a91£403 

5.5O7E402 5.700E403 

S,oo6Ef 02 5.O00C403 

5.396E402 «,960E403 

5.23eE*02 0,S7}E*03 

5.3oe£*02 S,616E'*01 

5,030Ct02 2,7«fl£403 

5,698C*02 2,765E403 

б, 120E*02 3,52SE403 

6,«7aEt02 3,951E40S 


2,016C402 7.931E400 
2,639E*02 6,952E*oe 
2.651E402 7,82«£400 
2.722E402 7.032E4OO 
2.89^E40^ 7,722£400 
3,055E*02 7.600E40Q 
«,oeor402 7 ,o66£40o 
5.611E402 7.325t4.O0 
7,e29E402 7,i7SE*00 
B.659E402 7.O2OE400 
1,05SE403 6.e60C*O0 
U293E40J 6,69!E*00 
1,589C*0J 6.508E400 
1.979E405 6.321E*00 
2,065E403 6.079E4C0 
3.073E403 5.7«2E*00 
3,66eE40J 5,453t*00 
«,239t«03 5,OS3E400 
O.bSSEtOl «,59SE400 
a,(i2o£toi a>i50E400 
3.626E*03 3.877E400 
3.000E403 3.722E400 


1,298F400 S.616t-01 

l«125E40e fl,tt58E»01 

8,3r6:»0t il,521E-01 

7, 9805-01 5,067E*01 

8. l9b^E-01 S,665k.-0t 

e,6O3E*01 6.373£>0l 

9.38«e-01 7,1251*01 

1 ,025£400 7,9ii5t-0l 

1.126E400 8,8<l2E>01 

1,235£400 9,8<lOC«0t 

1,35CE«00 t«097E*00 

UOO7E400' 1.228E40Q 

1.579E400 t*385E«00 

l,b7»£*00 1.560E*00 

1.73?e*00 1.826C400 

1,7«8£*00 2.126E*00 

1.701E400 2,a6t£400 

1«623£400 2.792E400 

1.601£400 3.063E400 

1,*05£400 3.271E*00 

1,692E.*00 3.407E*Off 

1.93«E400 3,36SE400 


ADDITIONAL STATE fSTlMATES AT 130,000ft (10 TO NR) 

4,94tS£-09 2.639E-09 3.26ie-0S 2,930C«02 


PtATfORN tilt estimatc altitude velocity 

' R C ' D RATE ERROR MAS ERROR 


e,oooE4oo 

0. 000E400 
2.641E-06 
2.697E-06 
2,«69£-06 
2,3l2£-06 
2.161E-06 
2,03b£-06 
l,912£*Ob 
U799E-06 

1, *9N£-06 
l,593E*0b 
l,il92E-06 
i,52BE*06 
t,952£-06 
UB02E*'06 
}.42bE>06 
USBbE-Ob 
l,3J7E-06 
1.203E-06 
l,0ll£-06 
9,161E-07 

U 

0,008£*00 

0. 000E400 
3,19bC-08 

1, <I84£*07 
2,320E-07 
1,011E-C7 
3,59CE-07 
«,091E-07 
O.565E-07 
0,99aE-e7 

5,39bC*07 

S.757E-07 

6.077E-07 

b,28BE-^7 

6,643£»07 

6.971E-07 

7.200E-07 

7,6a«E-07 

7.851E-07 

8.b38£*'07 

8,6b7E-07 

9,172E*07 


e,oooE4oe 

0 .OOOC400 
e,532E-07 
8,au0E-07 
7.58CE-07 
6,7B7E-07 
5,8 b 8E*07. 
«,910E*07 
B,187t-07 
3,98iJE-.07 
B.700E-C7 
6.319E-07 
fi,593t-07 
1.230E-06 
l,588t-06 
1 ,999t-06 
2.539E-06 
2.912E-06 
3,U9E-06 
3.066E-06 
2.381t*06 
1,660C>06 

V 

O.000E400 

0. 000£400 
U533E-06 
1 ,582E*06 
l,5tbE-0b 

1 ,il9BE-0b 
1.501E-06 
l*590E-06 
l.lS2£-0b 

1, bS7E-0b 
1.777E-06 
l,9fa0£-O6 
2.223E-06 
2,979E^06 
3,b09E-06 
B.B97E-06 
6.0B0E-06 
7,B2U£*06 
9.3beE-06 
l,15U-05 
l,230E-0S 
Ulb7E-0S 


o.eooEtoo 

0. 000E400 
5,a02E-06 
5,tt72£-06 
5.0S0E"0b 
B,o90E-06 
U,378E»06 
«,iUE-0b 
3,ao8E-0b 
3,bl8£-0b 
3.4il9£-0b 
3,253E-0b 
3,12&E»06 
3,a96E-06 
3,b80E-06 
«,176E-0b 
5,BBUL-0b 
6.7B6E-06 
8,900£'0b 

1. U2E-05 
1 ,233E-05 
1.275C-05 


0.000E400 
0,00OE4O0 
5,b77E-06 
5.951E-06 
'5,U69E-06 
5,0«7E-Ob 
U,669E-06 
9.333E-06 
3,99l£-06 
3,673£-06 
3,366E-fl<, 
3,057E-06 
2.727E-06 
2.60BE'06 
2,i7lE-0b 
l,6B3E-0b • 
l,0boE-0b 
O.600E-07 
l,67bE-0b 
l,lb5E«06 
2,bdBE-06 
S,39bC-06 


9il7ie-0l 

6,ii3E-0i 

6.3S0E-01 

b,975t-0l 

7,«90E»0'l 

8,02bE*01 

a,6Q5E-0l 

9.231E-01 

9.922E-01 

1.071E400 

l,l6bE400 

S,28BE4C9 

1.BJ6E450 

1 , b39t*00 
1 ,9o9t*00 
2,23bE*00 

2, b8bE*C0 
2,9lilE400 
3,156*400 
2.929E400 
2 , &u5k 4 0 0 
2,569E400 


1 .555E-05 
Z,378£-05 
2,B55E-05 
2,733E-05 
2,965£-0.S 
3,2blE»C5 
3,S73E-05 
3492UL»05 
B.326b-0S 

4, ai2£*05 

5, BibE-0S 
6,202t-05 
7.269E-05 
8,789E-03 
l,10lE-09 
l,B0b£-04 
1 . 602 E -00 
2,282£-04 
2.612E-04 
3,077E-0a 
3,520E-09 
4.0e6£-0B 


U167E400 
1.031E400 
7.31SE-01 
7.BB2E-01 
8.0I2E-01 
8.597E-01 
9.332E-01 
l,02l£400 
1.121E400 
t,230E400 
1 ,3B«E400 
1,456E*00 
1 ,5b6C400 
l,6blE400 
1.728E400 
1 ,7«0E400 
1 ,69bE400 
1 ,b28E400 
1 .62uE4flO 
l,b97E400 
1 ,b9bE4C0 
1.905E400 


2,073E-0a 

8, B18E-0B 

9, b86E-0« 
1.173E-03 
1.22bE-03 
1.091E-C3 
fl,7n£-go 
6,b76E-09 
5, 133E-0B 
4.0B7E-0B 
3.302E-0B 
2, 601E-0B 
2,B8lE-0B 
2.31lE-0(i 
2,27bE-0B 
2,373E-0B 

2, bl>9E-0B 
2,9b5E>0a 

3. ai7E-0tt 
B,Ci37E-04 
5.031E-04 
5,7b8E«0(i 


W GAMMA ERROR RSI ERROR 
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OHOUP 3 ACCELtROHtTeP 8CALE PACTOP 


TIME 


POSITION ESTINATC CPflQP 
BCD 



8.00 

l,996e*00 

5,7«7E*03 

o Q 

312*08 

1.2932*09 

1.0532*04 

312,00 

1.1762*09 

8.S29C403 

372,00 

1,1102*09 

1,0212*09 


932.00 

1.092C*09 

1,0922*09 

ge 

9P2.00 

8,6722*05 

1.157E+09 

SSi.OO 

8.8612*03 

1,2192*09 

612.00 

7,89JE*o3 

t,265£«oa 

*72.00 

7.0752*03 

1,3082*04 

732,00 

6.1092*03 

1,3932*09 


792,00 

5.0992*03 

1,3692*09 

852,00 

9,0522*03 

1,3852*09 

812.08 

• 2,979.2*03 

1.3902*09 


972.00 

1032,00 

1.8792*03 

7.«80e*O2 

1.377£*0O 

1,3512*09 


1092.00 

2.7192*02 

1,3092*09 


1152.00 

1.2912*03 

1 ,^9^E*09 


1212.00 

2.1222*03 

1 , 1602*09 


1^7^,00 

2.8122*03 

1.07lE*04 


1332.09 

3.39-5E*03 

9,735C*03 


1392.00 

3.8592*03 

8.939E*03 


1932,00 

9,1822*03 

8,995E*03 

1 

CJ1 

time 

U 

V 


0,00 
312. «0 

312.00 

372.00 
B32.00 
«’ 2.00 

532.00 

A 12.00 

672.00 

732.00 

792.00 

852.00 

912.00 

972.00 

1032.00 

1092.00 

1152.00 

1212.00 

1272.00 

1332.00 

1392.00 

1932.00 


i.sioe*o 3 

Ul86C*03 

7,39UE*02 

6.2<j3C*02 

5.596E*02 

5,l«3e*02 

9 . 969 E »02 

5 , 12 CE »02 

5,642E*02 

6 . 621 E +02 

S. 0 a 9 E «02 

9,997C»02 

1.2521*03 

l,55aE*o3 

1,923E*03 

2.35or«03 

2.78<JE*03 

3.2S9£*flj 

3.649E*03 

3.9762*03 

9.3032*03 

«.515C*03 


i. 5 S 2 e*oa 
1 p625C*oa 
l,5liC*04 
1 . 507 E 709 
1.510C709 
1 ,S09E*oa 
1 .506E*09 
1 *300C*Ott 
1 . 092 E «04 

l.osic^oo 
1.965E*0a 
1.992E*0tt 
1 .009E*0a 
l,356£*0fl 
l,279£*oa 
1 • 167E*0<I 
l,OtOE*04 
8,222E*03 
5.998E*03 
5,9o3E*03 
7,a«5£*03 
8*119E*0S 


t.5SfcE*65 

1 . 979 E 402 

6 . 237 E 901 

3 ,U!uE *02 

6.763E*02 

1.006E*03 

l,33ne*03 

1.658E*03 

1.9782*03 

2 , 29 iE *05 

2,595E*03 

2,886E*03 

3.159E705 
3.3972*03 
3.6012*03 
3,7532*03 
5.8l«t*03 
5. 8302*05 
5. 7352*03 
3,60SE*03 
3.5392*03 
3,5072*03 


. 4,356E*02 
1,326E*0? 
1.3022*02 
1.960E*0? 
2,9672*02 
S,36flE*02 
8,1332*02 
1.1162*03 
1.9982*03 
UB 21 C 783 
2*255C*05 
2,7812*03 
3,9912*03 
4,283E*03 
5.3792*03 
6.6182*03 
7.782E*03 
8 , 7902*03 
9,3932*03 
8.2652*03 
5.7672*05 
3.8982*03 


2.8202*00 

1.0092*01 

9.7952*00 

1 . 0662*01 

1.1992+01 

1.3022*01 

1.3972*01 

l,««5E*0l 

1.5652*01 

1.6382*01 

1.7022*01 

l,7SaE*0l 

1.8092*01 

1.833C*01 

1.850£*01 

1.899E+01 

l.eo9£*ot 

1.7632*01 

l.666E*0l 

I, 5982*01 
1.967£*01 
1.9282*01 

U 

1,6992*01 
l, 8 i 6 C*oi 
1,699e*01 
1.7072*01 
1.7292*01 • 
1,739e* 01 
l,7S9£*0l 
1 ,7692*01 

1.7662.01 
1.6052*01 
1.8292*01 
1.8992*01 
1.8622*01 
I. 8702*01 
1,879£*01 
1 .863E*01 
1 .81 7E*01 
1.7652*01 
1.6632*01 
1.5902*01 
1.957£*01 
1.9192*01 


Y ESTIMATE 

ERROR 

PLATfORH 

TILT ESTIMATE 

C 

O 

R 

C 

D 

l,606E*8t 

«.882E*08 

0.9002*00 

O«O00E*90 

O.OOOE+00 

i»«0ie*91 

5.836E*00 

0,0092*00 

0, 0002*00 

0.OOOE*OO 

1.2852*01 

5.969E+08 

3,5992-06 

l,161E-06 

7,3502-06' 

i,2ote*oi 

8,99tC*00 

3,9602-06 

1 , 0t7E-06 

6.999E-06 

1,1152*01 

S.51lE*00 

3,10lE-06 

9.213E-07 

6, 193E-06 

1.0202*01 

S.500E«00 

2.818E-86 

8.113E-07 

5.5922-06 

8,173E*00 

S.962E*08 

2.601E-06 

7, 077L-07 

5.099E-06 

8,oT6E*00 

5,90iE*00 

2.973E-06 

5,7682-07 

9,0362-06 

6,828C*oo 

5,321E*00 

2.9172-06 

9,C20E-O7 

9,7292-06 

5, 7352*00 

5.220E*00 

2i586E-06 

1,9752-07 

9.990E-06 

9,508£*00 

5,C99E*00 

2.770E-06 

9,09«E-07 

S.60S2-06 

3.26iE*00 

9,9SbE«g0 

• 3,2312-06 

1 1 196E-06 

6,fl7flE«06 

2.011Et08 

«,789E*00 

3.699E-06 

2.291E-06 

6,9292-06 

8.235E-01 

«.SME*00 

5.067E-06 

9.212E-06 

1 .301E-05 

7.086E-01 

4.327E*00 

6.2UE-06 

6,9892-06 

1 .792E-0S 

I.781C+80 

9«09.0E*08 

7.917E-06 

9.322L-06 

2,9622-05 

2,8062*00 

3,678E*00 

8.771E-06 

1.315E-05 

3. 5282-05 

3;.7262*oo 

3.315£*00 

9,«01E-06 

1 ,509£-O5 

9.5532-05 

fi,«81E*08 

2,8l9E*00 

8,903E-O6 

1,7862-05 

6.021E-05 

9.09SE*OO 

2.5S3E*00 

8.931E-06 

1.793E-05 

7,3612-05 

8.3982*00 

2,333E*00 

6,2292-06 

1,3262-05 

8,0382-05 

5,7o82*00 

2.291E+00 

4.9932-06 

B.695E-06 

■fl,297E*05 

V 

N 

U 

V 

W 


9-.156£*01 

2 . 896 E» 0 l 

3,993E*01 

9.820£«0t 

6,i«9E-01 

7.79«f01 

9.627r«0l 

I..1632*00 

l,37bC*00 

l,598C*00 

1.825E*00 

2.0U6E-*00 
2,2'992.*00 
2.56«E*oe 
2.9132*00 
2.23SE*00 
t.821C*09 
1.0952*00 
2 . 6912-01 
2,6972-01 
l,6aiE*O0 
2.832E+00 


t.026E«00 

til39E*00 

|, 09 ' 52<!00 

lt040E*bo 

1.018E«00 

9 , 603 £ v 0 | 

8.626E-D1 

7.220E-01 

5.362E-01 

3 * 992£«01 

S.1S6E-01 

9. 1322-01 

8.733E-01 

l.«98£*00 

2«179E*00 

3.0292*00 

3.908E*00 

9.778E*O0 

5.366E+00 

S,7a9E*00 

S.898E*00 

S.6«9E*00 


o.,oooe*oo 
0 . 0002*00 
9.397E-08 
2.076E-07 
3.291E-07 
9.233E-07 
9.927E-07 
S. 3836-07 
"S, 7302-07 
5,952E-07 
6.182E-0T 
6,639E-07 
7.607E-07 
9 . 2 S 9 E -07 

I. 2S2E-06 

J. 7222-06 
2.218E-06 
2.861E-06 
3.1UE-06 
2.96CE-06 
2.3192-06 
4 , 9992-08 


0 , 0002*00 

0 . 0002*00 

2, 196E-C6 

2.069E-06 

1.8912-06 

I .781E-C6 

1,7221-06 

1 ,767£-06. 

1.923E-06 

2,3992-06 

3.172E-06 

9.595E-06 

6,3576-06 

l,12SE-05 

1 ,69«E-05 

2 ,«a 9 t -05 

3.713E-0S 

9,B70E-05 

6,3906-05 

7.597t-05 

7.S76E-05 

6.662E-0S 


additional STATE ESTIMATES aT 130,000ft (10 TO N2) 

2,8912-00 1.5922-08 1.9'052«07 2,0092»04 


0 . 0002*00 
0 . 0002*00 
7,9802-06 
7,5522-06 
6,6722-06 
S. 9972-06 
5.977E-06 
5,l«0E-06 
9,9292-06 
9.9662*06 
S. 3672-06 
6.1192-06 
7.239E-06 
9,2312-06 
1 ,069£-05 
1.1202-05 
1.053E-05 
5,8272-06 
2. 2072-06 
3,6172-06 
3,0992-06 
9.956E-05 


ALTITUDE 
RATE EHROR 

2 , 0202*00 
1.875E+00 
1,67U*00 
1,90U'*00 
9, 9992-01 
5.222E-01 
2.U2E-01 
7,276E-0l 
l,9o9£*00 
2.1652*00 
3,Ob6E*00 
4, 076E*00 
5,2932*00 
6,5722*00 
6, 1552*00 
9,8552*00 
1 . 1902*01 
1,2092*01 
1,3632*01 
1.292E+01 
i.209t*01 
1.1612*0} 

gamma ERROR 

7,e35£-05 
7.2172-05 
6.906E-05 
5.91O2-05 
3,9212-05 
2.086E-OS 
6,6 s82-06 
3.05JE-05 
6.0602-05 
9,6732-05 
1 . 9092-09 
1.993E-09 
2.6232-09 
3,9932-04 
9,6822-09 
6,225E-09 
6,0772-09 
1,0912-03 
1,2892-03 
1i960E-03 
1, 6872-03 
1,9292-03 


VELOCITY 
HAS ERROR 

1 ,206E*00 
9.661E-01 
1,7992-01 
3.923E-01 
5,617E-01 
7.501E-01 
9.927E-01 
1,19152*00 
1,3552*00 
i,57lE*00 
1,7862*00 
1.991E+00 
2,172E*00 
2,272£*00 
2,33SE*00 
2,1592*00 
1.7332*00 
9, 612E-01 
3,5372-01 
9.27CE-01 
1 ,39eE + 00 
2,360E*00 

PSI ERROR 

9.8002-09 

2.307E-03 

2.196E-03 

2.615E-03 

2,769E-0S 

2,991E-03 

2,0052-03 

1,5992-03 

UI90E-03 

9,3672-09 

7.599E-09 

6,3892-09 

S,5BlE-09 

5,0912-09 

9,9312-09 

5,0692-09 

5,9682-09 

6,1892-09 

7.0272-09 

8.1132-09 

9,6562-09 

1.090E-03 
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POSITION ESTIMATE 

ERROR 

VEtOCITT ESTIMATE 

ERROR 

PUAT^ORM ' 

TILT ESTIMATE 

ALTITUDE 

VELOCITY 

Tine 

R 

C 

D 

R 

C 

D 

R 

C 

D 

RATE EKROR 

MAS ERROR 

0*00 

Q.922E«03 

t.297E«03 

2.09SE403 

3,795E*00 

tt*295C*00 

2.1S2E460 

o,oooe*eo 

o.eooE*oo 

O.00OE*O0 

1.961E-01. 

2,673E*00 

3}?*00 

3.296E*03 

l,052E*03 

1.517E*03 

fl.O70t*00 

1«636E*00 

I.833E409 

0,O00E*00 

0,OOOE*00 

O.00OE*00 

1 .109E*00 

2.50uE*00 

StE.OO 

9.997E*03 

1.987E403 

1.393E403 

5,095E*00 

3.809E+00 

2,399E*00 

b,187E-06 

1.999E-06 

1.265E-0S 

7,es3tp.01 

1 ,752E*00 

372,00 

9.283E*03 

2,3(>5E403 

1.276E403 

5.333E*00 

S.S77C400 

2*427£*90 

9,239E-06 

1 ,9a2£«0b 

1.261E-05 

' 9.23U-01 

l,bbttC*00 

032,09 

3.956E+03 

2,55UE*03 

t,l7ttE*0J 

S.<i9tiE*00 

3.S2SE*O0 

2.398E400 

5.67BE-09 

l,7l2t-0b 

l,l«0E-05 

1 . 122E400 

1.653£*00 

OR2«00 

3.92(1E«03 

2.725t403 

1.076E403 

5,929t*00 

2.bSa£4()0 

2.375E400 

S,185E-D9 

l,5l3E-0b 

l,03bE-05 

:.33“£400 

1,621E*00 

552,00 

3,26uE405 

2,6b7C403 

9,837E*02 

5,728E*00 

2.259E+00 

2,3S9E*00 

«,72bt-09 

1 ,353£«0b 

9.381E-09 

1 .5«9£*00 

1 ,bP0E*00 

912.00 

2.93SE*03 

2.96iE*03 

e.983£t02 

5.795E*00 

l.8a9£*00 

2.337£*00 

4.284E-09 

l,iBU-09 

e.445£-06 

1 ,765£*00 

1 ,b3i£*C0 

972,00 

2.569£*03 

3.069£*o3 

6.2l8E*02 

5,833E*00 

t«963E*O0 

2,324E«00 

3.84Jl£-0b 

l,07bfc-09 

7,b20E-0b 

l.902t*OO 

l.ueiEtoo 

732.00 

2,239E*03 

3.128E403 

7.596E40? 

5,P«5E*00 

1.107£*00 

2.313E+00 

3.383E-09 

1 ,0u3E-0b 

6.551E-09 

2.20U*00 

1,C2‘J£*00 

792,00 

1 ,e9oc*o3 

3, 157E + 03 

T.093E40? 

5,632E*00 

7.963F-01 

2«305E*00 

2,89b£-09 

l.UOE-09 

5,bOlE-09 

2.42b£*00 

i,3bse*oo 

852,00 

1 .Sa6E*03 

3.155E403 

9.727C402 

5,797L*00 

5.7S3E-01 

2.297E+00 

2,385E-09 

1.307E-06 

«,353E-0b 

2.bbI£+00 

1,305E*00 

912.00 

l.2tlE*03 

3.119E«03 

9,570£*02 

5.737E*00 

S.291E-01 

2*290t400 

J,«73E*0b 

1 ,bb5t«0b 

3. 173E-06 

2,9ilE*00 

l,250E*00 

972.00 

6,97eE*02 

3.053E*03 

6.59bE40J 

5 . b56E*00 

6.6b3E"01 

. 2*2B7E*0O 

1 ,49bE«09 

2.U9E-06 

2,620£>0b 

3,U»£*00 

1,21 1E*00 

1032,00 

9.321E«02 

2,9tt2£*03 

9,737£t02 

5,520£*OO 

6,-65bE'M 

2,29tE«00 

l,231E-0b 

2,6«5t-06 

3,2t2£>0b 

3,47OE*00 

1,237£*00 

1092.00 

a.7SlE*02 

2.795E403 

9,97oE402 

5.352E+00 

l.U9E*oo 

2.3l2E*00 

l,2b4£.0b 

3.686E-06 

b,20b£^06 

3.7a3£*00 

1 ,342£ + 00 

1152,00 

9.6P9E^02 

2,907£»03 

7.291E402 

S,090E*00 

1 .5l9£*00 

2,3«9E*00 

1.590E-09 

U.681E-09 

e.3£J3E-06 

3,95bE*00 

1 ,Sbb£*00 

1212.00 

9,21(iE-»02 

2.«07E*03 

7,665E*02 

4.799E+00 

l.tt93E*00 

2.«l0t*00 

1.733E-06 

5,385£-0b 

1.143E-05 

4.0b^E400 

1 , fi 8 7 £ ♦ 0 0 

1272.00 

7.022EM2 

2.16UE403 

6.155E*02 

9.902E*00 

1.923E«00 

2^A75E*00 

1.799E-09 

. S,602E*06 

1 ,b«0E-05 

3,999£*00 

2,24b£*00 

1332.60 

S.S09E«02 

1,972E*o3 

6.839E402 

3.9U2£*oo 

1.7}6e*oo 

2,Att8-E*09 

1.593E-09 

5,575E*06 

1.887E-0S 

3,b32E*00 

2.232E*00 

1392,09 

9.909£*02 

1.S09E403 

9,723E*02 

S.5blE*00 

1.633£*00 

2,36bE*00 

l.lttOE-09 

4.406E«0b 

2.059E-03 

3,2(ilE*00 

1 .8531*00 

1932.00 

1.056E+03 

1.717E403 

1.037E40J 

3.359£*oe 

1.9i2E*06 

2.328E+06 

6.302E-07 

3.219E-09 

2.107E-0S 

3.0b3E*00 

l,56tt£*00 

TlHf 

U 

V 

N 

U 

V 


U 

V 

M 

CAMMA ERROR 

PSI ERROR 

9,09 

2.297e'*03 

9,927e+03 

l,O88Et03 

5,O15£400 

2,771E*00 

t*720E*01 

0,0'00£*00 

C,000E*O0 

0,OO0E*O0 

8,973t"06 

1 , bb2E-04 

312.00 

2.123E*03 

2.807E+03 

1.373E40S 

a.93bE*00 

2.571E400 

6,a9|E-01 

O.OOOE*00 

0,OOOE*00 . 

0.O00E*0O 

tt.45b£»0S 

3.603E-04 

312,00 

l,3S«E*03 

9,70aE*05 

l,373£tOS 

9,a77E*00 

i,e52E*oe 

7.019E-01 

7,«63C-08 

3.590E-06 

1.377E-05 

3.172E-0S 

b,594E-0U 

372.00 

1.22flE+03 

9.720E403 

1,332E*03 

9.59aE*00 

1,T25F400 

S.167E-01 

3.541E-07 

3,bb4L-09 

1.371E-05 

3.b82£-05 

6 , 160E-04 

932.00 

1.173E+03 

9.526C403 

1.29UE+03 

fr,ttea£*00 

l.675E*eo 

9.23OE-01 

S,600£*07 

3,4b5E*09 

l.237E«05 

4.493E-0S 

6.427E-04 

992.00 

1.102E*03 

9.3tt6E403 

1,290E403 

9.388E*00 

1.932E400 

1,029E400 

7.3.1J£*07 

3,337E-09 

l,117E-03 

5.43U"05 

7,497E»04 

552.00 

1.021E*03 

9,i73E*03 

1 .230E«03 

9,20(>e«00 

1 .587E*00 

1,137L*00 

6.7S7E-07 

3.212E-09 

1 .OObE-OS 

6.4U0E-05 

9.041E-04 

912.00 

9,2'56E402 

9.e02E*03 

1 .203E403 

9',208£*00 

1.539E*oo 

l,2a7E*oe 

9,9a2e-07 

3,0b0t-0b 

6,9B3t-06 

7,509t-C5 

4.715E-04 

9 72 i 00 

6.2022402 

S,636E*03 

1.1822*03 

6.12UE*00 

i ,«A8C*00 

1.3S9E*09 

utoie-ob 

' 2.8b5E-06 

7,9ttbE-06 

6 , b5 1 E«05 

i»723£“04 

732.00 

7.167E402 

3.972£«03 

1.170E403 

9.043E*00 

t.«35f*00 

1«472E*00 

i.lBuE-Ob 

2.S59E-09 

9.692E-09 

9,fi92£»05 

i.030£»04 

792,00 

9.035EO2 

3,509£*03 

l,l79f*03 

5,962E*oO 

1*S7?E*00 

1,5661*00 

1.295E-09 

2,lb:E-0b 

5.805E-06 

1 . 127£*04 

V^*rV W“ 

2,559C*oa 

652,00 

‘1.667E402 

3»333£«0S 

1.2Q2E403 

5.87eE*00 

U321C«00 

1.709E*00 

1.277E-06 

1 ,bbbE>0b' 

4,b8aE-0b 

1 ,2abE'«04 

2,2UbE-04 

912,00 

3.663E*02 

3,I93C403 

1.29ue*03 

5,786E*00 

1,2.71C*99 

t,629L*06 

1.272E-06 

1 .90bb«06 

3,bb7E*0b 

1 ,47aE.04 

2,oabE>04 

972*00 

3.305E402 

2.92oE*03 

1.37tt£403 

5 . 986£*00 

V..290E*00 

1,9S2E*00 

1.221E-09 

2.191E-09 

2,7UE-0b 

1.708E-04 

1 , 937E-04 

1032.00 

3.572E402 

2.6U8E*03 

1.536£*03 

S,543£*00 

1.25<iE400 

2,072.C«00 

l,13»E-09 

3.819E-06 

2,013E*0b 

2.00U>'Dtl 

1 .90bE*>04 

1092.00 

9.599E402 

2,308E*03 

1 .728E403 

5.35fl£*00 

t ,356f*oo 

2,lb3E*0O 

i.OHE-09 

9,207t-09 

t.b5«E-0b 

2.355E-04 

l,93i£-04 

1152,00 

5.901E*02 

l,903£*03 

1 ,e<>6E*03 

5,008£*00 

l,57«f400 

2.191E400 

8,760£-07 

9.562E-06 

1 ,297E-0b 

2.7U3L-04 

1 . 99 1 E« 04 

1212.00 

T,3«6Eto2 

1.973E*03 

2.015E*03 

«.789E*00 

1.891E+00 

2«l3ttE*00 

7,b37E-07 

1 .267E-0S 

1 .232E-0b 

3, 17 7£>04 

2.057E-04 

1272.00 

B.537E402 

1 .093E403 

2.039E*03 

9.383E400 

2.296E400 

l.:97U*00 

6.978E-07 

l,b22E-05 

3.252E-09 

3.5fa9b>04 

2,08b£i.04 

1332.00 

9.997£t02 

1.093E403 

1.630E403 

3,9ifcE*00 

2.23l£*00 

2,0«3E*09 

6,b8bE-C7 

I,9b9t-0S 

2.35faE-0b 

3,637E>04 

2.382£*04 

1392,00 

1.039E403 

1 .3S9£*03 

1.980E+03 

S,537E*00 

1.6S9E+00 

2.3S3E*00 

9,443£*07 

2.073E-05 

3,813£-0b 

4,321E»04 

3 , 26bC»04 

1932.00 

1 .092E403 

1 .539E«03 

1.259E*03 

3.339£*oo 

1.912E*00 

2«572C*0O 

9,972E»07 

l,9b2E>05 

6,3USE-09 

4*S70E»04 

4.0S3E-04 

. iOOITIONAl STATE ESTIMATES AT 

130,000 ft 

(10 TO N7J 









7.396C-09 

3.900E* 

09 a,S40E 

•OS 4.683E 

•02 
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6»0UP 5 ACCCLeSQHETEB NONU!«t<il»lTY • 


h3 O 


POSITION ESTIMATE 

ERROR 

velocity estimate. 

8S 

w > 

time 

M 

c 

D 

R 

c 

0.00 

e.oooE«oo 

0, 0006*09 

o.oooE*eo 

O.OOOE+00 

O.OOOE6QO 

312.00 

5.267E-03 

5,3646-03 

5.2596-os 

3,3706-05 

3,974.6-05 

312,00 

7.809E-03 

4.3156-03 

5.0276-03 

3.2506-05 

3.1456-05 

372,00 

1 .0476-02 

5,8286-33 

7,1106-03 

3,8406-05 

5,7246-05 

432. 00 

1 .32CE-02 

7.75B6-0S 

9,5b76-03 

4,4356-05 

4.360E-0S 

E M 

992, 00 

1 .627F-02 

1.0126-02 

1.2376-02 

5.0436-05 

5,0026-05 

552,00 

1.969E-02 

1,2906-02 

1.5526-02 

5.6766-05 

5,6426-85 

K E3 

012.00 

2.348E-02 

1 .6086-02 

1.899E-0? 

6,3426-05 

6.272E-05 

672.00 

2.767E-02 

1.961E-02 

2. 2806-02 

7.0716-05 

6,6936-05 


732.00 

3.237E-02 

2.356E-02 

2,b89E-0? 

7.8406-05 

7.406E-O5 


792,00 

3.759E-02 

2.7976-02 

3, l2bE-02 

8.645E-05 

8.04SF-05 

'! 

052.00 

4.333E-02 

3.2816-02 

3.587E-02 

9.4706-05 

6.5656-05 

912.00 

4.9S1E-02 

3.8156-02 

4.0696-0? 

1,0306-04 

9.043E-05 


972.00 

S.59SE-02 

4,4256-02 

4.5606-02 

1,0886-04 

9.4T2E-05 


1032.00 

6.235E-02 

5,0836-02 

S.071E-02 

1,1536-04 

9.872E.-05 


1092,00 

6.8446-02 

5,8006-02 

5.59BE-0? 

1, 2066-04 

1 .025F-04 


1152.00 

7. 3296-02 

6.6U2E-02 

6.127f-02 

1,2006-04 

1.066E-0.4 


1212.00 

7.7596-02 

7.419E-02 

6. 6856-02 

1.2256-04 

1,106£-04 

' 

1272, .00 

7.9516-02 

8.2946-02 

7,2536-02 

1 , 1 bb6-04 

1.167E-04 


1332.00 

8.07BE-02 

9,0486-02 

7.037F-O2 

1.1176-04 

1.227E-04 


1392.00 

8.193E-02 

9,6496-02 

8.4106-02 

1,0916-04 ' 

1 .2866-04 

1 

-4 

1432.00 

6,2616-02 

9,9956-02 

8.7836-02 

1.0936-04 

1,1266-04 

time 

U 

V 

H 

U 

V 


0.00 

0 , 0006*00 

0 , 0006*00 

0 , 0006*00 

0.0006*00 

0.0006*00 


312.00 

5,4186-03 

5.2386-03 

5,2326-03 

3. 5576-05 

3,5l7E-o5 


312.00 

3.420E-ft5 

8,1126-03 

5.2326-03 

3.00TE-05 

3.357E-05 


372.00 

5.1926-05 

1 . 0006-02 

7.4006-03 

3.5666-05 

3.9426-05 


432.00 

7,bb0E-03 

1 ,3006-02 

9.9206-03 

4,2716-uS 

4,5'l2F-05 


492.00 

1 . 061 E -02 

1,5636-02 

1,2786-02 

4.999E-0S 

5.0646-flS 


552,00 

1,4066-02 

1.6496-02 

1.597E-02 

5.777E-05 

5.59eE-05 


612.00 

1 . 80 "E -02 

2.159E-02 

1.9476-02 

6,5986-05 

6.110F-05 


672,00 

2.2b8E-02 

2.4786-02 

2,3?bE-0? 

7,4946-05 

6.606E-0S 


752,00 

2.78ur-c2 

2,8376-02 

2.733E-02 

8,4136-05 

7.O09F-O5 


792.00 

3,3516-02 

3.2376-02 

3. lbbE-02 

9,3416-05 

7, 5606-05 


652.00 

3,9bbP-02 

3.6816-02 

3.b24E-o? 

1,0266-04 

8.023fw05 


912,00 

4.6216-02 

4,1716-02 

4.106E-02 

1.1146-04 

8.4796-05 


972.00 

5,2636-02 

4.7536-02 

4.B25E-02 

1,1726-04 

8,9306-05 


1032.00 

5, 9286-02 

5. 3356-02 

5.179E-02 

1,2356-04 

9,55bt-05 

X 

1092.00 

6.5blE-02 

5,9326-02 

5.794E-02 

1.282E-04 

9.729E-05 


1152.00 

7,0446-02 

b, 5606-02 

6,53oE-0? 

1 ,2b6E-04 

l.OOlE-04 


1212.00 

7.5016-02 

7.0596-0? 

7.3376-02 

1 ,2836-04 

1 .009F-04- 


1272.00 

7,6906-02 

7.5iat-02 

fl.304E-0? 

1.219E-04 

9,9226-05 

\ 

1332.00 

7.827E-02 

8.174E-02 

8.9706-02 

1,1676-04 

1, 0226-04 

1392.00 

7,9896-02 

9,1416-02 

4,l«l6-0? 

1 .1336-04 

l.lSOE-04 


1432.00 

fi.lOOE-02 

9,7756-02 

9.171E-02 

1.128E-04 

1. 2556-04 


AOOITIONAL STATE ESTIMATES AT 130,000ft (10 TO nF) 

M.107E-IS 2.E02E-1S 2.70(lE-12 i.607C»06 


ERHOW • • FUATfOHM 
D R 


LT ESTIMATE 
C D 

O.OOOE^OO O.OOOE«’00 

0. 000t*00 C.OOOE+OO 

5.3U6E-U 3,3ebE-U 
6.308E-12 R.OOlE-ll 
6 , 6 (> 6 t-U R.ttSTE-n 
fe.lhOE -12 5 . 07 JE-U 
«,«8at-i2 0.018E-11 

US78E-12 7.<JRfeE-n 
7,7o2t-12 R.OiiUE-n 

1, R20t-ll 

3,6E5L-n J,i»RB£-10 

5,Ru6t-ll l,968t-lO 
8,e97E-U 2,!jB6E-10 

l.tl02E-l0 3.662E-10 
1.063E-1O u,6B6E-10 

2.3o2£-l0 5,B59E-10 

3,01«£-10 7.703E-10 

3.3b3t-l0 9.067E-10 

3.57U-10 I.U5E-09 

3.U09E-10 1.2S5E-09 

2,735t-l0 1.328E-09 

2.031E-10 l,i«6E-09 

V W 


0. 000E^OO O.000E4O0 

3 .B 0 BE -05 3 , 3 lB£- 0 b 

3.70U-C5 3.557E-C3 

W.523E-05 3,9«U-05 

5.370E-0S «,bllE-Ob 
6.25bE-0b b,0t>9E-05 

7,l75E-(55 5.596E-0S 

8.U9E-0S 6,niE-0S 
9,li2t-05 B,t>07E-0b 

1.012E-0U 7,09CiE-0S 

1, U3t-0« 7.5B2E-Cb 

l,2l2E-0« 0.026E-05 

l,3o7£-0“ 8,ueeE-0S 
U3e2£-0a 0,9<i9E-l>5 

l,4Ui7t-0« 9.372E-05 

U'JaBt-OU 9,753E-05 
I,abSE*04 1.003E-04 
1.443E-04 1.012E-04 

U342E-04 9,97«E-05 

U262E-04 1 . 03UE-04 

1.26bt-04 1.161E-04 

1.26U>04 1.282E-04 

camka error psi error 


0. 000E^OO e«OOOE^OO 

3,3«9E-05 O.OOOE-fOO 
5,205t-05 l,6bbE-U 
3.«03fc-O5 U916E-11 

4.476E-0S 2.020E-U 

S.0!»5t*OS 2,232E-n 

5.61BE-0S 2,6ttbE«ll 
6.163E-05 3.3bt)E-ll 
6 . 691 E* 0 b U. 132 E-U 

7.j93t-0S 5,27flE-n 

7, *64t-05 . 6.7R3E-11 

B.e99E*>0b 8.b90E>ll 

e.«9<iE-0S l»OSOL*tO 

8, flo9E-05 1.37BE-10 

9,095E-05 I.bObE- 10 
9«324t-05 I,603t-I0 

9, #57E-05 2.013E-10 

9.S74E-05 2.0S1L-19 

9.ACbE«05 2.0 CbE'10 

9,A0*>E-05 l,e00E«lD 
9.576t-05 U437E-10 

9,5‘iBE-05 l.ibSE-lO 

M U 

e*0OOE«OO O.OOOEtOO 
5.3l«fc-0S O.OOOEVOO 
3i3l4E»05 2.002E-13 

3.910E-05 6.919E-13 

«,«et»E-05 6,b28E-l3 

5.C37E-05 7.'96«E-13 

5,SbIE« 05 6.a60E-li 

6.056E-05 8,06bt«l3 

6.5I7E-05 l.UOE-12 
6.943E-05 . l,B69t-12 
7,333t-05 2.9B0E-12 

7,6836-05 S.7b3E-l2 

7,996E-05 l,071t-li 

8,27«e-05 1.7S2E-11 

6.5496-05 2.922E-1 I 

P.852E-05 4,359E-ll 

9.2«3t-05 5.724E-11 

9,86.56-05 7.380E-11 

1, e-e 2 E -04 e,i 47 E-u 

l,t27fe-0fl 8,525E-n 
r,«78E-04 7,75^E-n 

l,C09£-04 6,537£-n 


O.OOOE+00 O.OOOE+OO 
O.OOOEtOO O.OOOE^OO 
9.8B2E-12 3,b75E-U 
I.l21t-U 4,37bE-ll 
1.20B6-U . «,788E-ll 
1.475t-U '5.379E-U 
2.071E-U 6.2bSE-ll 
3.2076-11 7.563E-11 
4.6C.2E-U 8.616E-U 
6,9B0t-U l, 070E-10 
1,0«3E-10 1.322E-10 
1,5226-10 1.627E-10 
2.16U-10 1.954E-10 
3.332E-10 2.476E-10 
4.543E-10 2,b63E-10 
6.028E-10 2.562E-10 
8.20BE-10 2.186E-10 
9,805t-l0 V.920E-11 
1.1B3E-09 6.702E-U 
1.310E-09 2.044E-11 
1.282E-09 4.571E-10 
l,131b-09 7.64BE-10 


ALTITUOe VEUOCITY 
RATE ERROR HAS ERROR 


O.OOOE400 0 ,00CE*O0 
1 ,3ebE-09 I .829E-09 
1,424E*09 2.032E-09 
1.753E-09 2.591E-09 
2,lllE-09 2.B99E-09 
2,50bt*09 2.853E-09 
2,9356-09 2,56b6-09 
3. 4036-09 2,22b£-09 
3,9i5E-09 1.913E-09 
«,«75E-C9 1.693E-09 
S.091E-09 l,b73£-09 
5.7726-09 l,56Ce-09 
b.532E-09 1 .b69E-09 
7,3326-09 1.963E-09 
8,2956-09 2,45bE-09 
9.3Tb6-09 3.270E-09 
1.0376-08 4,58bE-09 
l,lb9£f>oe 0,4346-09 
1,2696-08 9.219E-09 
1.444E-08 l,l77E-08 
1,7586-09 . 1.3S6£-0e 
2«007£-08 1.4S0E-08 


THE ANALYTIC SCIENCES CORPORATION 



OKOUP 6 GRAVITY ARGH.Lv AND VCRTICAt GERLtGTlONS ' (MOLTIPLY BY 0.0390) 

CSTtMATr rpona ' 


OiOO 
3U,00 
; 312,00 

372.00 
«32..0O 
"^2.00 

552.00 

612.00 

672.00 

732.00 
' 7’2,00 
' *52,00 

•f2i00 
; «72.00 

1032.00 

1092.00 

ns 2 .oo 

1212.00 

1272.00 

1332.00 

1392.00 
1«32,00 


POSITION eSTlMATC ffiROR 
P C D 


0.00 

312.00 

312.00 

372.00 

032.00 

092.00 

552.00 
6 ) 2.00 

672.00 

732.00 

792.00 
flS2.00 

912.00 

972.00 

1032.00 

1092.00 

1152.00 

1212.00 

1272.00 

1332.00 

1392.00 

1932.00 


VCLOCtTY ESTlNATe error 

P C D 


PLATFORN TILT ESTIMATE 
P C 


’.110E601 

1.167£«02 

1.3e9E*02 

1.6«mjC*oe 
1 ,993C*02 
2.995Et02 
3,2I2E*o2 
«.2l8£*02 

5,5tiee«02 
7.317Ct02 
9.52«E4o2 
1 «20SEf 03 
1 .500E403 

1. e03E*03 
2.122f*03 
2,39SE*03 

2. b2SE«03 
2.827E+03 
2,9«0£*03 


4.2S9E*01 

5,716E*oi 

7,296E*01 

9.195E*01 

1.198e*02 

l»926Ef02 

l,768£*o2 

2,202E*02 

2.780£*02 

3,617e*02 

9,956f»0? 

T»05S£*02 

1.005E+03 

1.936e«03 

1.9S0E403 

2.999E*03 

3,090E*03 

3.563E+0J 

3,8U3E*03 


7,9A6r*0l 
1.01<JE*02 
1 .265E*02 
l.SS«C*02 
1,902£*02 
2,3(i3E«02 
2.9i5E*0? 
3,658£«02 
«.613e*0? 
5,825ft02 
7,395e*o? 

9.261E+02 

l.l*9Et05 
1.97(JE«03 
1 .896E«03 

2.29iE*05 

247e2E*03 

3.29b£t03 

3.537£*0J 


Tms SEGMENT OF TABLE NOT PBWTED 

I’Ss’L':.’! J-Jn.':'! ?.osit-or 


ALTITUDE VELOCITY 
PATE ERROR MAC ERROR 


3.859E-01 
9.927E-0I 
6.765C-01 
9.399E.01 
1 .279E*00 
1.698t>00 

2.19SE«o9 

2.79<J£*oo 

3.5iO£400 

«.353E»00 

5.3ba£«0O 

6.986E«oO 

7.535E*00 

S. 576£*00 
9.239E^00 
8,b20£*00 

T, 572E*00 
7, IboE^OO 


«,fl87E»01 

9.67*E-oi 

5,aj2E-oi 
6.265E-01 
7,22b£.oi 
8 a 362F*o I 
9.770C-01 
1.162E*0fl 
l.<09f«o0 
U72OF»0O 
2.1i7£«oo 
2,50CE«09 
2i8l8E*'00 
3«<I60E«00 
3.237EteO 
3,U9<l£fOO 
«.197E*oe 
«,73bE*00 


«.993E*01 

5.806E-01 

T.Oii6E-01 

8.808E-01 

1.112E400 

l,399£*00 

1.7<i6Et00 

2,16«E*00 

2«672£^00 

3,302E*o6 

9«ll2£«O0 

S. 060C*00 
6«063£*00 
7,099E*00 

T, 996E*00 
7,9S5C*00 
7.<(t2E*0e 
7»l37E*00 


2,073E-0« 

2,79b£»o« 

3,271E»09 

3.61<j£-o« 

S,872E-0<i 

R. 072E-09 

«,22fiE-09 

9.352E-09 

P.ttbU-ca 

«.53lt-0» 

S. 535E-04 
•R,53bf-09 
6,53b£-09 
fl,537£-09 
6,537E-0<I 
6,53'b£-09 

fl,536£-0ij 
<• S36£»0<i 


6,693E«06 

6,97«t-0S 

8,69at-0S 

1 ,013£»0<l 

1.115E-09 

1 ,.lfi9£-0a 

1.29bE<09 

1.288t-0<t 

1.32U.04 

l,3i(6E-0ii 

l«3b!9b>oa 

1.3bU«04 

l.357t-oa 

1 * 353E»0 9 

1,350E»04 

.1.346£-oa 
1 •3<J6L-0« 
1,3941.04 
1.344E.04 


«.29bE-07 

2.723E-04 

3,b74E**04 

9,299E-0« 

«,751£.04 

5.092E-04 

5,3571-04 

b.i>6feE-04 

5.7J5E-04 

S.873e-04 

5.V92E-04 

6.024E-04 

*.060t-04 

6.110E-04 

6, 157E-04 

6.217E.04 • 

6,2b9£-04 

6,279£.04 

6.274E.04 


9,502C-0l 
5, 1981-01 
6.231E-01 
7,884£.-0l 
l,024Ef00 
1.3J5E+00 
1 ,728E*0o 
2,2i9£+00 
2,6281*00 
3,586E*00 
4.5i7£*00 
S,bti5£*00 
6,9fl0fc*00 
8,07«t*00 
9,I38E*00 
9,7291*00 
9,2iSE*00 
9,4o6£*00 
8,0ei£*00 


2.957E-01 

3.383E.01 

«,097E-01 

5.329E-01 

7,14«£-oi 

9.b35£-01 

1,251E*00 

1,6!5£*00 

2,06CE*00 

2,6:C£«oo 

3,31 11*00 

«,217E*00 

5,2501+00 

6,324£*00 

7,329£*oo 

8,1571*00 

7,919E*00 

6,6371*00 

5, 7331*00 


S.269E+0J 

7,088e*01 

9,560F*01 

1,257f*02 

1.644E*02 

•2,162£*02 

2.860E*02 

J«e33E90? 

5,e03£«o2 

6, 6931*02 

6.6871*02 

1.101E*03 

1 ,372F*o3 

1.6531*03 

1,9631*03 

2.2241*03 

2.4471*03 

2.6701*03 

2«808C*01 


8.200E«0t 

1.642E402 

1.179E*02 

1,338£*02 

1 .56D£*02 

1. 9021*02 

2.4021*02 

3,1561*02 

4.2321*02 

5,7251*02 

7. 8641*02 

1. 0771*03 

1.4441*03 

1.6841*03 

2.298E+03 

2,6631*03 

3.2421*03 

4.0401*03 

4.4691*03 


8.320f«0t 

1.063e*02 

1.3211*02 

1.610E+02 

1.9421*02 

2,335E*02 

2,6061*02 

3i3?1E*02 

4.0351*02 

4.793E402 

5,648E*02 
6,6«4E*02 
6.1 111*02 
1.098E*03 
1.558E+05 

2.279£*05 

2.772E+03 

2.788E*03 

2,6401*05 


Tins SEGMENT OF TABLE NOT PRINTED 



** gamma error P3I ERROR 


3.0631-01 

4.4251.01 

5.4701-01 

7.139E-01 

9.4531-01 

1.2411*00 

}|6U1*00 

2»064E*oo 

8.M-5E*00 

3,2941*00 

4,1101*00 

5, 1061*00 

6.233C+00 

7,3011*00 

8, 3721*00 

9.0621*00 

8. 4701*00 

7.4601*00 

7.0781*00 


ADOITJONAL 8TAT2 ESTIMATES aT 130,000 ft (jo TO NF) 

4.8671-05 6.8351-05 ’6.1111-^5,3.2541-02 


2.955f-ei 
3,362e*01 
4. 0971-01 
5.329E-01 

7.X4-5E-61 
9, 5361*01 
1(252r99fi 
1,6]6E*00. 
2,0621*06 
2.6t8E-*oo 

3,32CF*06 

4.2251*00 

5«2601*00 

6,354£*00 

7,342E*oO 

8,173F*oo 

7.9511*00 

6.6731*00 

5.8251*00 


4.472E-01 

S.OSlE-Ol 

5,7591-01 

6,733t-01 

8.0471-01 

9,7151-01 

1il72b*00 

]*402E*00 

1.65»E*00 

1.935t*00 

2.2191*00 

2.49SC*00 

2.7i«E*00 

2,861'E-*00 

3.0SfE*00 

S.294E*00 

3,9141*00 

5,450E*00 

6,373C*0e 


6.4321-09 
1.783E-04 
2.502F-04 
3,0251-04 
3. 4351-04 
3,7631-04 
4,625E«0(i 
4.2-34E-04 
•4,397£-04 
«,521E-o« 
4.6I2E-04 
4,6141-04 
4,6041-04 
4.590E-04 
4.574E-04 
4,5601-04 
4,5501-04 
4,5451-04 
4,5431*04 


1.2031-07 

1.4631-04 

1.8581-04 

2.0621-04 

2, 1521-04 

2, 2131-04 

2*2731-04 

2,3621-04. 

2.5111-04 

2,74'61-04 

3. 1101-04 

3,5641-04 

4,1781-04 

4,8371-04 

5,4631-54 

5,9741-04 

5,9901-04 

5.336E-04 

4. 6041-04 


4,6531-07 

2.6101-04 

3,5161-04 

4,1051-04 

4,b22E-04 

4,8261-04 

5,0461-04 

5,1961-04 

5,2861-04 

5,3041-04 

5,2311-04 

4,9581-04 

4.526E-04 

3,9091-04 

3,0901-04 

2,1361-04 

2,2601-04 

3.5621-04 

4.4621-04 


1. 7421-05 

2.6421-05 

,2.4941-05 

3,2241-05 

4,2881-05 

5,7351-05 

7,6461-05 

1,0161-04 

1,3471-04 

1.7941-04 

2.4011-04 

3.2421-04 

4,361 £-04 

5,7261-04 

7,4221-04 

9. 2311-04 

1 .CU7E-03 

1.1621-03 

1,3241.03 


2,4691-05 
2.696E-05 
2, '6641-05 
2.7231-05 
3,0541-05 
3 .6331-05 
4,422£-05 
5,41 fiE-05 

6.63C1-0S 

6,0971-05 

9.8361-05 

1.1921-04 

1.4121-04 

1.6611-04 

2,0341-04 

2,6651-04 

3,6641-04 

6,9021-04 

9,5681-04 


6 -dC 


CROUP 7 eVRO BIAS DRtfT 



P081TION ESTIMATE 

ERROR 

VELOetTT ESTtMATE 

ERR9R 

PLATFORM TILT 2STIMATS 

ALTITUDE 

VELOCITY 

TIME 

n 

c 

D 

R 

c 

D 

R 

c 

D 

RATE ERROR 

MAS ERROR 

0.00 

S.663C«03 

1,2078*06 

2.5268*04 

4,268E*0D 

t.lS5£6Qt 

3.880e*00 

0,0002*00 

0.0008*00 

o,oooc*oo 

1 ,4oT£*0D 

1.4108*00 

312.00 

6,098E*03 

1 .6698*06 

2.2262*04 

6.9128*00 

6.2232*06 

1,5048*01 

0,0002*00 

0,0008*00 

0,0008*00 

1.0098*00 

1,0598*00 

312.00 

S.826E*03 

1.6068*06 

2.2342*04 

6,7788*00 

5,7392*06 

1,4902*01 

1, 6322*06 

5,9178-07 

3,7462-06 

9,9908-01 

2,0038*00 

372.00 

5.396C*o3 

1.0778*06 

2.1602*04 

7.1082*00 

4,459£*00 

1,6502*01 

1,7712-06 

5, 4688-07 

3,5578-06 

7,7608-01 

2,1628*00 

032,00 

2.96<iEt03 

l»500E*0O 

2.0378*04 

7,4118*00 

2.9562*00 

1,7792*01 

1,5908-06 

4,7638-07 

3,170E-O6 

4,4678-01 

2,3598*00 

o’a.oo 

2.5i3E*03 

1,5132*04 

1,9278*06 

7,6658*00 

1,2942*00 

1,8692*01 

1,4732-06 

4.2188-07 

2,9248-06 

3.2728-01 

2,5718*00 

332.00 

2.0tt6E«03 

1.5152*06 

1,6118*04 

7,8652*00 

6,6162»01 

l,978E*0l 

i,«05E-C6 

3,5908-07 

2,7958-06 

T. 4718-01 

2.7918*00 

012,00 

l.576E*03 

1.5052*06 

l,69of*04 

8,0708*00 

2,2648*00 

2,0462*01 

1,4268-06 

2,5298-07 

2,0448-06 

1,3278*00 

3,0178*00 

672.00 

1 .109E + 03 

1,6652*06 

1 ,566E*0« 

8.2418*00 

3,9762*00 

2,0922*01 

1,5088-06 

9,4328-08 

3,0158-06 

1 ,9s2£*00 

3.2408*00 

732.00 

6,8t5E*02 

1 .6502*06 

1.6018*04 

8,6008*00 

5.6662*00 

2.1152*01 

1,7368-06 

2,2288-07 

3,5198-06 

2,7428*00 

3,45b8*00 

792,00 

6.6UE*02 

1.6118*06 

1,3158*04 

8,559£*00 

7,35«2*00 

2,1092*01 

2,157£-06 

7,2528-07 

4,4778-06 

3,5918*00 

3,7308*00 

632,00 

7,5uaE*02 

1,3552*06 

1.1918*04 

8, 7298.00 

9,0612*00 

2,0712*01 

2,7308-06 

1,5128-06 

6,0428-06 

4,5608+00 

4,0008*00 

912,00 

1.231E*03 

1.2872*06 

1,0728*04 

8.9268*00 

1,0608*01 

1,9932*01 

3,5122-06 

2,6578-06 

0,3028-06 

5,6728*00 

4,3158*00 

9T2.00 

l.757E*03 

1.1992*08 

9,6268*03 

9,1062*00 

1,2582*01 

1,8642*01 

4,7938-06 

4,6908-06 

1,2758-05 

6,9208*00 

4,6618*00 

1032,00 

2.29ie*03 

1,0962*06 

8.6568*03 

9,3932*00 

1,4332*01 

1,6692*01 

6,0052-06 

6,9918-06 

1,7058-05 

8.3578*00 

5.1308*00 

1092.00 

2,ei3e»o3 

9,8002*03 

7,8802*03 

9,7132*00 

1.5828*01 

1,4282*01 

7,2432-06 

9,0048-06 

2,4628-05 

9,0128*00 

5,6408*00 

1132.00 

3.272E403 

8,O39E*03 

7,3578*03 

9,6472*00 

1,6712*01 

1,1642*01 

6. 5638-06 . 

1,3522-05 

3,5108-05 

1,0968+01 

6,1558*00 

1212.00 

3,605E*03 

7.0962*03 

7,0732*03 

1.0062*01 

1,6852*01 

9,3082*00 

9, 1628-06 

1,6052-05 

4,4728-05 

1,1868*01 

6,6408*00 

1272.00 

3.9A2E*03 

5,7562*03 

7,0622*03 

9,6002*00 

1,6072*01 

7,8082*06 

9.201C-06 

1,7778-05 

5,0228-05 

1,2008*01 

7,0038+00 

1332.00 • 

6,107E*03 

6,67a£*03 

7,2598*03 

6.6568*00 

l.«06E*01 

7,8032*00 

8 . 2122-06 

1,7228-05 

6,9518-05 

1,0838+01 

6,9298*00 

1392.00 

6.30|E*03 

3.99»E*03 

7.3022*03 

7,6662*00 

1.1268*01 

8,6592*00 

6,2498-06 

1,3458-05 

7,4708-05 

9,2998*00 

5,9498*00 

1032.00 

6.363E«o3 

3.727E*01 

7.2698*03 

7.2252*00 

9,3062*00 

9,1752*00 

4,7748-06 

9,5698-06 

7,5998-05 

8,5548*00 

4,9368*00 

TIME 

U 

.V 

M 

U 

■ V 

M 

U 

V 

W 

gahha error 

PSZ ERRQR 

0.00 

9.6fllE*02 

1,1562*04 

2,6158*04 

1.2762*01 

1,6302*00 

8.9102*01 

0,0002*00 

0,0008*00 

0.0008*00 

5,3128-05 

1.3398-03 

312.00 

6.025E*o2 

1.2302*04 

2.6158*04 

1.4112*01 

2,0692*00 

1,0462*01 

0.0002*00 

0.0008*00 

0,0008*00 

4,0768-05 

3,5778-04 

312.00 

3.7U8E*02 

1.1652*06 

2.6102*04 

, 1,3622*01 

2.2108*00 

1^0502*01 

2.2162-00 

1,0948-06 

4, 0678*06 

3,7108-05 

2,0758-04 

372,00 

3.162£*o2 

1,1762*06 

2,3022*04 

1,3662*01 

2.2632*00 

1.2268*01 

1,0568*07 

1,0568-06 

3.8668-06 

2.9298-05 

1.5508-03 

632.00 

2,950E*02 

1,153E*06 

2,2718*04 

1,3498*01 

2,4042*00 

1,3872*01 

1,6618-07 

9,7388-07 

3,4508-06 

1,7258-05 

2,9368-03 

692.00 

2,9202*02 

1.1132*06 

2.1968*04 

1.3182*01 

2.59UE+00 

1.5362*01 

2,1078-07 

9,3478-07 

3,1598-06 

1 , 3098-05 

3,7448-03 

552,00 

3.1U9E+02 

1,0662*04 

2.1168*04 

1,2652*01 

2.8062*00 

1,6752*01 

2,3928-07 

9,5428-07 

2,99j8-06 

3,0638-05 

3,0768-03 

612.00 

3.6758*02 

l.ei6E*06 

2, 0298*00 

1,2532*01 

3.0302*00 

1,7972*01 

2,5168-07 

1, 0938-06 

■2,9868-06 

5,5658-05 

3,6298-03 

672.00 

6,573E*02 

9.5608*03 

1.9308*64 

1,2222*01 

3,2612*00 

1,9012*01 

2.6312-07 

1,3498-06 

3.0008*06 

8,5698-05 

3,2708-03 

732.00 

5.862E*02 

8,9198*03 

1.8638*04 

1.1928*01 

3.5032*00 

1,9682*01 

2,6938-07 

1,8918-06 

3,4358-06 

1, 2158-04 

2.9238-03 

792.00 

7, 59«£*02 

8,1768*03 

1.7OA£*04 

1,163E*01 

3,7592*00 

2,0562*01 

2,6548-07 

2.8608-06 

4,1008-06 

1,6468-04 

2.6208-03 

652.00 

9,8l«E*02 

7,5012*05 

1.6498*04 

1,134£*oi 

4.0382*00 

2,1042*01 

3,3438-07 

4,4418-06 

5,1398-06 

2,1758-04 

2,3008-03 

912,00 

l,258E*03 

6,2378*03 

1,5548*04 

1.1042*01 

4,3522*00 

2,1262*01 

4,4548-07 

6,8678-06 

6,5048-06 

2,0aO£-C4 

2,2018-03 

972,00 

l,579E*03 

0.6682*03 

1.4608*04 

l,066£*0l 

ft,7l2t*CO 

2,1272*01 

6,2S6£-07 

1,1448-05 

8,7258-06 

3,6038-04 

2,0578-03 

1032,00 

l,96IE*03 

3.26?E*03 

1,3658*04 

1,0368*01 

5,1698*00 

2,0922*0.1 

9,9302-07 

1,7248-05 

1.0268-05 

4,0028-04 

1,9618-03 

1092,00 

2,369E*0J 

1,7608*03 

1,2548*04 

1,0168*01 

5,6722*00. 

2,0332*01 

1,5008-06 

2,5208-05 

1,0058-05 

6,2o38-04 

1,9058-03 

1152.00 

2.6078*03 

2.2672*03 

1,10^£*04 

9,866£*00 

6,1802*00 

1,9402*01 

2,0342-06 

3,7178-05 

1,0128-05 

7,7748*04 

1,0008-03 

1212.00 

3.267E*03 

6,i65C*0S 

9,2908*03 

9,7968*00 

6,6738*00 

1,0212*01 

2,7202-06 

4,0028-05 

5,3328-06 

9,6328-04 . 

1,0928-03 

1272.00 

3.5768*03 

6,0012*03 

7,0502*01 

9,4318*00 

7,1062*60 

1,6652*01 

5,0278-06 

6.1448-05 

2,6248-06 

1,13.08-03 

1,9208-03 

1332.00 

3.6002*03 

6.0252*03 

5.9792*03 

8.4938*00 

6,9Tlt*00 

1.4732*01 

3,0442*06 

7,1968-05 

2,7248-06 

1,2308-03 

1.9478-03 

1392.00 

6.0698403 

5,7632*03 

6.t67£*03 

7,5268*00 

5.9902*00 

1,2992*01 

2,6182-06 

7,1008-05 

2,7448-05 

1,3072-03 

2.0418-03 

1632,00 

6,l9lC*03 

5.2662*03 

6,3738*03 

7.1692*00 

5,0452*00 

1,2092*01 

2,0512-06 

- 6,2422-OS 

4,4588-05 

1, 4012-03 

2,1398-03 
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POSITION tSTlMATf ERROR VEUOCXTY ESTIMATE 


TIME 

R 

C 

D 

R 

C 

0,00 

2.503E*02 

I,«U3E403 

7,561E402 

1,5560400 

9.096E-01 

312,00 

1,«91E*02 

t,73oE403 

6.953E402 

7.T85E-01 

1.3720400 

312,00 

6,02aE*02 

6. (1750402 

5,92704.02 

141610400 

1,2790-01 

372,00 

6,162E«02 

5,<JuuE402 

5,5080402 

1.1100400 

1,0220-01 

032,00 

5,522Et02 

5,S22E«02 

5.3900402 

9,9130.01 

1.7120-01 

092,00 

4I.9«6E*02 

5.58u0«O2 

5,089C402 

8,667£-01 

2.619E-01 

552.00 

9,529E«02 

5.678E*02 

9.8930402 

7.9180-01 

3,9190-01 

012.00 

9.163E«02 

5.796E402 

9.6050402 

6,2090-01 

9. 0360-01 

672.00 

3.902E+02 

S,9d3£402 

• 9.3800402 

5.2370-01 

9.966F-S1 

T32.00 

3,76ue«02 

6.089C402 

9.1790402 

9.82U0.OI 

9.6960-01 

792. CO 

S.767E*02 

6.218E402 

3.9YJ04O2 

5.2570-01 

9.7960-01 

052,00 

3.92«E»02 

6.311E402 

3,8570402 

6.5160-01 

9,6990-01 

912.00 

u,2aafi02 

6,3b8E402 

3.7170402 

8,3860-01 

9,9290-01 

972,00 

9,723E*02 

6,t37£*02 

5,6060402 

1,0500400 

9.1770-01 

1032,00 

5,3y2E»02 

5,O27E*02 

5.5930402 

1.3160400 

5.9710-01 

1092,00 

6 , 0 a 6 C «02 

5,5810*02 

5,5070402 

1,6050400 

3.9110-01 

1152,00 

6.6<iOE«02 

9,99iiE*02 

3,9500402 

1,8960400 

5.9700-01 

1212,00 

T.650E402 

9.6000402 

5,5000402 

2.1160400 

9.20UE-01 

1272,00 

• 8,27«E*02 

(1,365E402 

3,6080402 

2.2820400 

9,6180-01 

1332,00 

0.eoOE402 

9, 638040? 

5.9320402 

2,1660400 

5.671E-0I 

1392,00 

9.268C402 

5.162E402 

9.3730402 

1,9860400 

8.0650-01 

1«32.00 

9,53lE*02 

S,59i£*02 

9,7100402 

1.9790400 

9,7650-01 

TIME 

U 

V 

. M 

U 

V 

0,00 

1.518E403 

2,58ttE*02 

5.6820402 

2,7660-01 

1,6190400 

312,00 

1.362E40S 

1.162E403 

5,537E402 

7,1570-01 

1.9260400 

312,00 

S.672E402 

2.756E402 

5,5910402 

7,9170-01 

9,6350-01 

572,00 

7,auflE*o2 

2.85IE402 

5,3950402 

7,8170-01 

8,5970-01 

032,00 

r.5S3E*02 

2.297E402 

5.292040? 

6,6860-01 

8,C|90-Ot 

092,00 

7,168E*02 

2.113E402 

5,0790402 

5,6220-01 

7.9750-01 

552,00 

6.857E*02 

2.270E402 

9,9010402 

9,6550-01 

6.9360-01 

612,00 

6.551E*02 

2,6ueE*02 

9.7080402 

5,9360-01 

6.3&9e-01 

672,00 

6,29tie*02 

3.131E402 

9.5670402 

5,6950-01 

5,8920-01 

732.00 

6.086E402 

5.622E402 

9.3020402 

9.1530-01 

5.5090-01 

792,00 

S.9U5E402 

9,07(l£*02 

9, 1090402 

5,2000-01 

9. 7620-01 

052,00 

S,89ir*02 

9, 9570402 

3,923040? 

6,7090-01 

9.3250-01 

912,00 

5.9ij7E*o2 

9,7«5C*02 

3,7760402 

8.6830-01 

3,9760-01 

972,00 

6,0860402 

9,7500402 

5.6570402 

1,0760400 

3,8550-01 

1032,00 

6.399E402 

9,7020402 

3,6260402 

1,3920400 

9.1150-01 

1092,00 

6,657E*02 

9,9750402 

3,6680402 

1,6290400 

5,0110-01 

1152.00 

7.339E462 

9.016E402 

3.6930402 

1,8710400 

6,6960-01 

1212.00 

7.962F402 

5,6850402 

3,867£402 

2,1360400 

9.1780-01 

1272,00 

a,42lE402 

5,9750402 

9,1900402 

2,2900400 

1,2230400 

1332,00 

8.8370402 

3,8590402 

9,6950402 

2.1600400 

1.5IS04QO 

1392,00 

9,237Et02 

A,937E402 

5.1630402 

1,9650400 

1,2090400 

1932,00 

9.687E402 

A,801E402 

5,5890402 

1 ,9590400 

1.1990400- 

idoitional state estinatcs at 

130,000 ft 

no TO NF> 



5.346E-09 

2.698E-09 5,5220' 

-08 9.229E 

-02 


ERROR 

PLA7FOKM 

TILT ESTIMATE 

AUITUOE 

VELOCITY 

J> 

R 

c . 

D 

RATE 0HROR 

MAC ERROR 

S»578E«0I 

0.0000400 

9,0000400 

0,0000400 

2,3890*01 

1,6160400 

3. <150-01 

0,0000400 

0,0000400 

0,0000409 

7,2290-01 

1,9360*00 

<,0710-01 

3,9770*06 

1,2850-06 

8,1350-06 

5,1790-01 

9,5220-01 

«. 2660-01 

4,0090-06 

1,2960-06 

8,1020-06 

S,290£-0l 

8,5300-01 

4,169E-01 

3,6500*06 

1,1010-06 

7,3320-06 

5,3660-01 

7,9930-01 

4,1550-01 

3,5950-06 

9,7390-07 

6,6910-06 

S.256E-01 

7,9660-01 

4,2380-01 

3.079E-06 

8.523E-07 

6,1290-06 

5.0390*01 

6,9310-01 

4,3710-01 

2,8500-06 

7.2970-07 

5,6950-06 

9, 7520-01 

6,3860-01 

4,523E-0t 

2,6370-06 

4,1920.07 

5,1970*06 

9,9010-01 

5,8900-01 

a.6700-01 

2,9560-06 

4,9760-07 

9,6200-06 

9,3520-01 

5.299E-01 

4,7950-01 

2,506E-06 

3,0190-07 

9,5250-06 

9,5650-01 

9,7810-01 

4.8990-01 

2,1910-06 

2,9260-07 

9.330E-06 

5,3300-01 

9,3290-Cl 

4.00-60-01 

2,IJ!>0-O6 

'5.1660-07 

9,2660-06 

6,7590-01 

3.9730-01 

5,165£-01 

2.219E-06 

6.3590-07 

9,6290-06 

8,7960-01 

3,8990-01 

5. 5650-01 

2.2650-06 

1.0380-06 

5.399E-06 

1 1 1560*00 

9,1030-01 

8, <950-81 

2,3500-06 

1.5590-06 

6,2650-06 

1,9790*00 

9.9990-01 

0,0990-01 

2,5130*06 

• 2,3100-06 

8,1590-06 

1,7670*00 

6,6930-01 

1,0300400. 

2,-5360-O6 

2,8210-06 

9,8370*06 

2,0690*00 

9,1890-01 

1,2920400 

2,9810*06 

5.2190-06 

1,2580*05 

2,2980*00 

1,2260*00 

1,5810400 

2.2220-06 

3,1970-06 

1,9870-05 

2,1370*00 

1.3190*00 

1.390E400 

1.762E-06 

2,9060-06 

1.5990*05 

1,9750*00 

1,2020*00 

1,9S904OO 

l«416£-06 

U6380-O6 

1,6280-05 

1 ,96304CO 

1.1120*00 

R 

U 

V 

W 

camKa error 

P3I ERROR 

7,7280-02 

0,0060400 

0,0000400 

0,0000400 

1,0990-05 

3,3530-05 

2,9250-01 

0,0000400 

0,0000*00 

0,0000400 

2,900E*OS 

1,5960-09 

2,2690-01 

4,8110-08 

2,3080*06 

8,8990-06 

2,0730-05 

2,7670*05 

2,6870-01 

2;2770-O7 

2,3550-06 

8,0190-06 

2,1060*05 

9,2960-05 

3,0760-01 

3.5970-07 

2,2280-06 

7.950E-06 

2,1500-05 

5,8620-05 

3,4780-01 

9,6750-07 

2,1560-06 

7,2190-06 

2.1910*05 

7,6590-05 

•5.8600-01 

5,5520-07 

2,1070-06 

6,5590-06 

2.0930-05 

8,2830-05 

<,i9oe-oi 

6.2670-07 

2,0850-06 

5,9820-06 

2,0330-05 

8,0150-05 

4,9780-01 

6,883E-07 

2,0680*06 

5,9390*06 

1,9580*05 

7, 3330-OS 

4,6870-01 

7,5880-07 

2,0860-06 

9.9610-06 

1,9580-05 

6,6920-05 

4.8210-01 

7,8090-07 

2, 1620-06 . 

9.5960-06 

2,l23£-05 

»iC6lE-0S 

9,8620-01 

8,1780-07 

2,3270-06 

9,1900-06 

2.5760*05 

5,5270-05 

9.8780-01 

6,5320-07 

2 ,6 320-0 6 

3.6860-06 

3.9220-05 

3,0920-05 

4,8970-Ot 

0,8320*07 

3,5750-06 

• 3.87QE-06 

9,7150-05 

4,7350-05 

9,835E-01 

9,9690-07 

9.5730-06 

3,59V0-O6 

6, 6690-05 

9,5120-05 

4,9560-01 

1,0250-06 

6.0130-06 

3,1610*06 

9,2690.05 

9,9290.95 

5,1960-01 

1,0910*06 

8,9090-06 

2,9970*06 

1,2310-09 

9,9590-05 

5;S58E-01 

1,1920-06 

1,0920*03 

1,0720-06 

1,6170-09 

9,7280-05 

5,'7800-Ot 

1.209E-06 

1.3110-05 

1,2030-06 

2,0090-09 

5,1190-05 

7,2570-01 

l,162£-06 

1. 5300-05 

7.1530-07 

2,2590-09 

6,9760-05 

1,6970400 

l«O}U0*Ob 

1,5760-05 

3,8990*06 

2,63S£*04 

1 ,3300*09 

1..354E400 

8,5S0e-07 ' 

1,9720-05 

7, 2270*06 

•5 , 1670-09 

9690*04 
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POOR QUALIIY 


CROUP R CYRO *NI50CLA5T1CITV 


POJITION t3TI>UTE ERROR VELOCITY E8Tt»*Te 

TIRE R C D R C 


e.Do 

3,442E«01 

9.258E401 

4,2612*0; 

7,4142-02 

6.439E-02 

312«00 

4,8«7£*01 

1.2082402 

4.1862*01 

1.2662-02 

l,i63E«01 

312,00 

6,766E*00 

5,9608401 

3.6732*01 

3,3092-02 

S.790E-02 

372.00 

7,7l4E*O0 

5,679E40t 

3.5512*01 

2,7852-02 

3,6052-02 

032,00 

6,5tteE*00 

5,9192401 

3,6592*01 

2,0422-02 

3,8932-02 

“R2.00 

9.060E+00 

6,1332401 

3.3652*01 

1,3332-02 

4.0392-02 

552,00 

9.27UC+0C 

6,3692401 

3.2762*01 

7,8662-03 

4.081E-02 

612.00 

9. 166E + 00 

6,5662401 

3.1872*01 

8,4872-03 

4.0272-02 

672,00 

6.76lCt00 

6,7752401 

5,1002*01 

1. 4652-02 

3,8932-02 

732,00 

8,lii3C*00 

6,9732401 

3.0602*01 

'2,1822.02 

3,7032-02 

762.00 

7.510E+00 

7,1522401 

2,9062*01 

2,9892-02 

3,4952-02 

052.00 

7,266E400 

7,3052401 

2.9512*01 

3,8992-02 

3.338E-02 

012,00 

0.019E+00 

7,6262*01 

2.9422*01 

5, 0182-02 

3, 3552-02 

072,00 

1.025E*ei 

7,4282*01 

2,9612*01 

6,6602-02 

3,7052-02 

1032.00 

1,412£*01 

7,4192*01 

3.0662*01 

6,7972-02 

4.6182-02 

1092.00 

1.970E*01 

7,3662*01 

3.2412*01 

l,20«E-0l 

3.9602-02 

1152,00 

2,660E*01 

7,2072*01 

3.6662*01 

1,5672-01 

7,1792-02 

1212.00 

3,4S3C401 

7,2572*01 

4,4502*01 

1.8772-01 

8,3942-02 

1272.00 

4,159E*01 

7,557E*01 

5,8672*01 

I ,9872-01 

9,1712-02 

1332.00 

4,6«fcE*0l 

8,3022*01 

7,8692*01 

1,8632-01 

1.267E-01 

1392,00 

5,056E*OI 

9,1992*01 

9,9962*01 

2. 0352-01 

2.083E-01 

1432,00 

S,209£401 

9,9302*01 

1,1462*02 

2.367E-01 

2.657E-01 

TIME 

U 

V 

N 

V 

V 

0,00 

S.4eOE«01 

5,4032401 

3,7542*01 

4,3352-02 

8.774E-02 

312.00 

7.32ie*01 

1,0982*02 

3,5622*01 

8.5862*02 

7.4058-02 

312,00 

4.586E*01 

3,9792*01 

3,5612*01 

1,5522-02 

4.646E-02 

372,00 

4,16iE*01 

4.0122*01 

3.4712*01 

1,4722-02 

4,3842-02 

432,00 

5.955E*01 

4. 5662*01 

3,3752*01 

1.7912-02 

4,0932-02 

492,00 

3,6062401 

5,0672*01 

3.2712*01 

2,1192-02 

3,7728-02 

552,00 

3,U36E*01 

5,6052*01 

3,1632*01 

2.4662-02 

3.4362-02 

612,00 

3.1902401 

5,8812*01 

3,05«f*0l 

2,8232-02 

3.100E-02 

672, '00 

2,9532401 

6,2302*01 

2.9502*01 

3.1932-02 

2.7702-02 

752,00 

2.729E401 

6,5502*01 

2.0602*01 

3.5882-02 

2,475C-02 

792,00 

2.527E401 

6.6132*01 

2,7902*01 

4,0372-02 

2.206E-O2 

652,00 

2,3S5£*01 

7,0222*01 

2,7862*01 

4,5992-02 

2.3032-02 

912,00 

2.232E*01 

7,1652*01 

2,«652*0l- 

5,3962-02 

2.6872-02 

972,00 

2.1662401 

7.1612*01 

3.0032*01 ’ 

6,5682*02 

3,6092-02 

1032,00 

2.2302401 

•7,0922*01 

3.3262*01 

8,6372-02 

5,4762-02 

1092,00 

2.6602*01 

6,9?flE*0l 

3,7722*01 

1,1772-01 

8,6782-02 

1152.00 

2,6762*01 

6,7512*01 

4.29(jE*0i 

1,5332-01 

1,3752-01 

1212.00 

3.6762401 

6.6152*01 

5.0858*01 

1,8652-01 

2,1252-01 

1272.00 

4,0662401 

7,2632*01 

6,3072*01 

1,9692-01 

3.1362-01 

1332.00 

4,6792*01 

9,2632*01 

6.8502*01 

1 ,790£-01 

3,2722-01 

1392.00 

4,7802401 

1,1652*02 

6.8l7E*0i 

1,9662-01 

2.4282-01 

1432,00 

4.96(12401 

1,2992*02 

7,9562*01 

2,2622-01 

l,993E-at 

IDDITIONAL STATE ESTIMATES AT 

130.000 ft 

CIO TO NE) 



3.759E-U 

2,065£«10 2.501E* 

09 2,2078 

•03 


ERROR 

PLATFORM 

TILT ESTIMATE 

ALTITUDE 

VELOCITY 

D 

R 

C 

D 

RATE ERROR 

MAG ERROR 

3.237E-03 

0.0002*00 

0,0002*00 

0,0002*00 

2.3162-02 

6.6482-02 

2.6062-02 

0.0002*00 

0.0002*00 

0,0002*00 

4.9912-02 

7,5332-02 

1.632E-02 

2. 1992-07 

7,1052-06 

4,4962-07 

3.7322-02 

4.063E-O2 

1,8222-02 

2,1562-07 

6.6952-06 

4,3492-07 

3.6602-02 

4,3912-02 

2.0212-02 

1,9572-07 

5.8812-08 

3,9192-07 

4.O10E-C2 

4,0972-02 

2,2102-02 

1,7862-07 

5,1942-06 

3,5552-07 

4,0052-02 

3,7752-02 

2,3702-02 

1,6312-07 

4,5682*08 

3,2282-07 

4 , 0832-02 

3,4412-02 

2,4922-02 

1,4912-07 

3,9942-08 

2,9322-07 

4,0142-02 

3. 102E-02 

2,5632-02 

1,3562-07 

3,503t-08 

2.6552-07 

3,8752-02 

•2, 7732-02 

■2.5752-02 

1,2342-07 

3,0902-06 

2,3972-07 

3,6712-02 

2,4822-02 

2.514E-02 

1,1202-07 

2,7522-08 

2,1602-07 

3,4202-02 

2.2912-02 

2. 3782-02 

1,0172-07 

2,4922-08 

1,9472-07 

3,2462*02 

2. 3072-02 

2,2302-02 

9,2922-08 

2,3462-00 

1.7762-07 

3,4292-02 

2.6962-02 

2,4092-02 

9,1652-08 

2,2332-06 

1,0452-07 

4,5l6E-C2 

3,5962-02 

3.99IE-02 

9,0002-08 

3,6112-06 

1.9662-07 

7.0602-02 

5,4602-02 

7,6942-02 

9,3332-08 

6,2772-08 

2,4262-07 

l,J06£-0i 

8,6552-02 

1,3782-01 

1,0312-07 

1,0702-07 

3,5392-07 

1.5652-01 

1,3732-01 

2.2362-01 

1,0892-07 

1,0762-07 

4,8702-07 

l,9S8E-ei 

2.1232*01 

3,2722-01 

1,0952-07 

1,7662-07 

6,8072-07 

2,1162-01 

3, 136E-01 

3,6082-01 

9,8362-oa 

1.77-92-07 

6,5592-07 

2,0592-01 

3,2632-01 

3.5482-01 

8,2142-08 

1,3392-07 

9. 3192-07 

2,3092-01 

2.403E-01 

3,6362-01 

7,9192-06 

1,0412-07 

9,4542-07 

2,6272-01 

1.9142-01 

M 

U 

V 

W 

GAMMA ERROR 

RSI ERROR 

9,5992-03 

•9,0002*00 

0.0002*00 

0,0002*00 

9.502E-07 

2,7992-06 

t. 6362-02 

9,0002*00 

0,0002*00 

0,0002*00 

1.9565-06 

1,5542-05 

1.401E-02 

2,66’0£-09 

1,3132-07 

4,6832-07 

1,4602-06 

5,6422-06 

1.637E-02 

t,242£-O0 

1,2832-07 

4,7272-07 

l,5ilE-06 

6,8352-06 

1,6582-02 

1.9612-08 

1,1912-07 

4.2522-07 

1.5042-06 

8.577E-06 

2.0652-02 

2.SS22-08 

1,1262-07 

3,8422-07 

1,6302-06 

9,0262-06 

2. 2342-02 

3,0392-08 

1,0742-07 

3,4702-07 

1,6712-06 

6,36}2-06 

2.360E-02 

3,4102*08 

1.026E-07 

5.1322-07 

1.6612-06 

7.263E-06 

2,439£-02 

3,768E-0S 

9,7602-03 

2.8142-07 

1.6662-06 

6,1652-06 

2,4672-02 

4,0302-08 

9,2792-08 

2,5162-07 

1.6252-06 

5,2732-06 

2,438E-02 

4,2282-06 

8.8592-08 

2,2432-07 

1,5702-06 

4,5392-06 

2,3552-02 

4,3682-08 

8,5992-08 

1,9902-07 

1.5«92-06 

3,9632-06 

2,256^-02 

4,4552-08 

8,7422-05 

1,7632-07 

1.7102-06 

3,5362-06 

2,3392-02 

4,4702-08 

1,1292-07 

1,6782-07 

2,4072-06 

3,2702-06 

3.1692-02 

4,5602-08 

1,4022-07 

1,5502-07 

4,0592-06 

3,4292-06- 

5,1542-02 

4,6602-08 

2,1692-07 

1.4622-07 

6,9922-0-6 

4,3492-06 

8,1372-02 

4,7292-08 

3.5512-07 

1.3702-07 

1,1102-05 

6,3402-06 

1.1452-01 

4.9542-08 

5,0952*07 

9,3622-06 

1,5902-03 

9, 3262-06 

1,3642-01 

4,9592-08 

7,0992-07 

2.6J0E-08 

2,0082-05 

1,2292-05 

2,0462-01 

5,1962-08 

8.7562-07 

6,7422-08 

2.3562-05 

2,1652-05 

3.3762-01 

5,03e£-O8 

8,6652-07 

3.7202-07 

3,2762-05 

4.517E-05 

«,Ce6E-01 

6,8712-06 

7, 5452-07 

5,6542-07 

4.3652-05 

6,3892-05 
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C#OUf» 21 t962 STANDARD ATMOSPHERE MODBMNG ERROR 1-TERM MODEL 



position tSTIMATC 

ERROR 

velocity estimate 

ERROR 

platform tilt estimate 

ALTITUDE 

VELOCITY 

TIME 

R 

c 

D 

K 

c 

D 

R 

c 

D 

RATE ERROR 

MAD ERROR 

0.00 

312.00 

o.eooE*oe 

8.000C*00 

O.OOOE*06 

8 , 0006*00 

0*00OE«00 

O.0O0E*OO 

0,0006*00 

0,0006*90 

0,0006*00 

0, 0006*09 

O.OOOE+00 

312.00 

2.59SE«03 

3,693t*03 

5,9l3EtO? 

1.3176*00 

9.9806*08 

1,9196*00 

1,3556-05 

9.3766-06 

2.771E-05 

7,7546-01 

1,6976+00 

5T2.00 

2,69aEf03 

9. 782E*03 

7.9o2E*C? 

2.06«E*00 

5,1706*08 

1,7986*00 

1,9326-05 

9.5606-06 

2,4936-05 

4. 5156-01 

1,025E+OO 

<132.00 

2.817E*03 

5,252£+03 

9,2S8E*02 

2,728E*00 

5,2766*00 

1,8976*00 

1,3526-05 

9,2176-06 

2.8C2E-05 

9,7246-01 

1,7806+00 

<•92.00 

2.686E+03 

S.724.E + 03 

1.070E*03 

3.3V6t*00 

5.2016*00 

2,0556*00 

1,241.6-05 

5,8026-06 

2.7056-05 

4,9386-01 

1.730E+00 

5S2.00 

2.99o£*03 

6,1 66E+03 

1.21SE+03 

9,0756*00 

5, 0756*00 

2,1596*00 

1,2576-05 

5,2056-06 

2.824E-0S 

8.541E-01 

1,6516*00 

812.00 

2.2S9E*o3 

6.S9AE+03 

I.J65E+03 

«.772t*00 

9,8706*00 

2.2676*00 

1.2536-05 

2.3516-06 

2.612E-05 

7,1616-01 

1,5986*00 

672,00 

1.9«9E*03 

6,97SE*03 

l,iUE* 03 ^ 

5,955t*00 

9,5586*00 

2,3526*00 

1,2386-05 

1,9366-06 

2.568E-05 

5.059E-01 . 

1,9076*00 

732,00 

1,633E*03 

7,301E*03 

1 ,66«E*03' 

6,1106*00 

9,1566*00 

2.9]0E*00 

l,19«6-05 

6.8596-07 

2,9706-05 

2.2236-01 

1.2346*00 

792,00 

1 ,257E*03 

7,600E*03 

l,fll8E*03 

6,7576*00 

5,689t*00 

2,9526*00 

1,1556-05 

8,0706-08 

2,3896-05 

1,5016-01 

1,0526*00 

852,00 

•8,Ufl0Etfl2 

7.862Et03 

1 .97«E*03 

7.3636*00 

3,lS9E*<)0 

2.9796*00 

1.1086-05 

7,9236-07 

2,2446-05 

6 ,2456-01 

8,5126-01 

412.00 

3.822E+02 

6,070E*03 

2.126E*03 

7.4656*00 

2,5706*00 

2.9676*00 

1,0376-05 

1,1256-06 

2,164E-0S 

1,2356*00 

6,3406-01 

972,00 

l.lUE + 02 

e.209E+03 

2.275E*03 

8,9756*00 

1.9326*00 

2,9296*00 

9,a2-3E-08 

1,0776-06 

1,9526-05 

1 ,4846 + 00 

9,3746-01 

1032.00 

6.279E*02 

8.239E+03 

2,903E*03 

C,8b7F*00 

1 ,2*56*00 

2,3316*00 

8. 18M6-08 

9,2116-07 

1 .614E-05 

2,4186*00 

2.2926-01 

1092,00 

1,15UE*03 

8.1«6E*o3 

2.509E*03 

9 , 1606*00 

5.92bt-0l 

2,1996*00 

6,4176-08 

5.647k-07 

1,2066-05 

3, 4976 + 00 

6. 7516-02 

1152,00 

1 .64t.£ + 03 

7,451£*03 

2,!>55E*03 

4,1576*00 

3. 2056-02 

1 ,9836*00 

5.338E-06 

• 2.698E-06 

9,8626-06 

5,0226*00 

9.3096-02 

1212,00 

2.093Ft03 

7,6bOE*03 

2.568E*05 

9,0636*00 

5,94ie-fli 

l,751Et00 

9,1306-06 

9,3806-06 

2,6366-06 

6 , 0266*00 

l,36b£-0l 

1272.00 

2.935£*05 

7, 197E+03 

2,b08Et03 

8,6906*00 

1.0326*00 

1 .9796*00 

3,2036-06 

5.877E-06 

1 .288E-05 

6,669£*00 

3,4936-01 

1332.00 

2.674E*o3 

6,70lE*03 

2.«llf *03 

8. 0916*00 

1,3966*00 

1,2296*06 

3,0566-06 

5.4756-06 

2.322E-05 

6,3716+00 

3,4556-01 

1392,00 

2.91«£t03 

6,31e£*03 

2.3S5E+03 

7,7066*00 

1.6886*00' 

1,0626*00 

3,6016-06 

3.43U-06 

2,9106-05 

5,4916+00 

2,5926-01 

1<I32.00 

3.05lE*03 

6 • 045C*03 

2.315E+03 

7.9866*00 

1,882E*00 

9.0356-01 

9.2496-06 

1 .1286-06 

3,2loe-05 

5.747E+P0, 

8,0556-01 

TIH£ 

u • 

V 

w 

U 

V 

► 

U 

V 

w 

6AMMA ERROR 

PSI ERROR 

0.00 

312.00 

0,00OE*0O 

O.OOOEfOO 

O.OOOE^OO 

o,oooc*oo 

0r00OE*e0 

0,0006*00 

8,000£*00 

0,0006*00 

0,0006+00 

O,0CCE+00 

0,0006+00 

312.00 

1.685E*03 

9.36l£«03 

9.321E+00 

9.6056*00 

1.5776*00 

5.9176-01 

1.63VE-07 

8,0846-06 

5. 0086-05 

3.073E-05 

6,1486-09 

372.00 

1,9135+03 

5,3116*03 

2.21 6£*0l 

5.5526*00 

l,776E*eO 

9,1236-01 

6,4886-07 

6.9816-06 

3,1496-05 

3.793E-05 

4,2076-09 

<•32.00 

1.924£to3 

5,7l«E*03 

e,78hE*0l 

5.9206*00 

1.7806*00 

9.5006-01 

1,0946-06 

8,1646-06 . 

.3,0306-05 

3,8956-05 

1,0956-03 

092.00 

1.905EV03 

6.107£*03 

l,99bE*02 

6.287E*00 

1,7196*00 

9,0516-01 

1,9056-06 

8,2546-06 

2.402E-05 

3,7846-05 

1,0036-03 

SS2.00 

1.950E+03 

6.U67£*0S 

S.39o£*02 

6,6376*00 

i.6<»3e*oo 

5^0506-01 

1,6606-08 

• 8,7096-06 

2.7496-05 

3. 5216-05 

8,5956*09 

612.00 

1.957E403 

6,snt:*o5 

9,053E*0? 

7i0006*00 

l€590E*j)0 

5iOOU«01 

1,0791-00 


2.739E-05 

3,00^Jb-03 

8.9376*09 

672.00 

I.9S1E+03 

7,10A£*0S 

6.433E*02 

7.3986*00 

1.5996*00 

9,8396-01 

2,1696-06 

1 .0056-05 

2.O38E-05 

2,1766-05 

5.579E-09 

732.00 

1 .950E*03 

7,3bee*01 

9,0026*02 

7.«63£*00 

l,228F*00 

9.3716-01 

2.530E-06 

1,1306-05 

2,9866-05 

4,9i6E-06 

9,5276-09 

792.00 

1,96<.£*03 

7,S77t*03 

1.170E*05 

8,0096*00 

t«0366*00 

3.6386-01 

2,8476-06 

1.2106-05 

2,3996-05 

6.771E-06 

i.7bSE-09 

052.00 

2.oooe^o3 

7.7S7t*03 

1 .9966*03 

8,3586*00 

a. 2656-01 

2.5916-01 

3,2816-06 

1,2886-05 

2,1806-05 

2,9696-05 

3.2136-09 

912.00 

2.06uE»03 

7.065E+O3 

1.9i9E*03 

8,709f*o0 

6,0«9£.oi 

1,1736-01 

3. 6796-06 

1 .328E-0S 

1,4886-05 

6,1566-05 

2.617E-09 

972.00 

2.159E+03 

7,9b5£*03 

2.977E*01 

9.0156*00 

3.8396-01 

6.992E-02 

9.0636-06 

1,3076-05 

1,6896-05 

1.059E-09 

2,5936-09 

1032.00 

2,289£+o3 

7,6«9£*03 

3,2096*03 

9,2996*00 

1.8516-01 

3.0906-01 

9.38&6-06 

1,1706-05 

l.3lb6-05 

1,6736-09 

2.363E-09 

1092.00 

2.«6l£*0l 

7.207E+03 

9.0796*03 

9,oi4E*‘oo 

3.8866-02 

6.191E-01 

9.5446-06 

4.2b2E-06 

4,3126-06 

2,5226-09 

2,3956-09 

1152.00 

2.638E+03 

6.912E+03 

9,9345*03 

4.3216*00 

3.967E-03 

9,9916-01 

9,725£-06 

5,1446-06 

5.156E-06 

3,5566-09 

2,3476-09 

1212.00 

2.839E+03 

5,395d*03 

5, 7336*03 

9.1576*00 

7,3186-02 

1,3096*00 

9.670E-06 

3.845E-06 

2,7506-06 

9,8B9E-09 

2,5686-09 

1272.00 

2.99'>£ + 03 

3,975£*03 

6,2656*03 

8,b796*00 

2.9706-01 

1.5756*00 

9.63/E-06 

1.358E-05 

2,3366-06 

6,3226-09 

2,8256-09 

1332.00 

3. 109£*03 

3.97oE*03 

S, 6496*03 

a. 0396*00 

2,1136-01 

1,8186*00 

9,7836-06 

2,3656-05 

8, 128E-07 

7. 1436-09 

3,2096-09 

1392.00 

3.225£t03 

S,13l£*03 

9.151E*03 

7. 6896*00 

3.8856-01 

2,0916*00 

9,474E*06 

2.666E-0S 

1 .1826-05 

8,3l7t-C9 

3,4006-09 

1932.00 

3.284E+C3 

5.681£*03 

2,8466*03 

7,9636*00 

8, 7096-01 

2,0236*00 

5,3986-06 

2,9156-05 

2.043E-05 

4.939E-04 

9,2306*09 

additional state estimates at 

130,000 ft 

(10 TO NFJ 
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SP 

• p 

P Q 

^63 


SSOUP Jl t 962 STANDABDATMOSPHEnEMODEU(fO ERROR 4 -TERM MODEL 


Ti»e 


POSITION tSTiHATE ERROP 

PCD 


VELOCITY estimate ERROR 

R C D 


I 

CO 


o.eo 

312.00 

312.00 

372.00 

032.00 
«92.00 

552.00 

^ 12. 00 

072.00 

732.00 

792.00 

552.00 

912.00 

972.00 

1032.00 

1092.00 

1152.00 

1212.00 

1272.00 

1332.00 

1392.00 
H32.00 

time 


PLATFORM TILT ESTIMATE 
R C 


ALTITUDE 
RATE ERROR 


Oi.OOOF«00 

2.3«UtQ3 

2 . 7 J 0 E *03 

2.669E*(>3 

2,5«6E*o3 

2.367E*03 

2.t«2E*03 

1.»<j5E*03 

l.531>E*0i 

1 . 126E»03 

7.977E*02 

3,703E*02 

9 . 303 E*pi 

5.P2cE*02 

1 . 0 PbE *03 

t .S60Et03 

2.001E*03 

2.3u2E*03 

2.093E+03 

2,252F*03 

2.330E«Oi 

U 


o.oooc«oo 

3,<I66E403 

«.53lEt03 

9 . 990 E *03 

5 .« 32 E*o 3 

5 . flii 5 e *03 
*. 209 E*o 3 

6 . « 7 aEt 03 
9 . 79 oE *03 
T,0Bflf*03 
7,337E*03 
7.5«7t»03 
7 . 7 oi €*03 
T,75SE*03 
7,733E»03 
7,53<JE*03 
7.272£403 
6»fi56£*03 
5 , 7 i 9 E *03 
5,u2eE*03 
5.232t403 


0. 000,tOo 
5.333E*02 
7 ,«»BEt 02 
8,7Ao£*02 
1.015E*03 
1.15JJE + 03 
l,29bE*05 

1, Rt3£*03 
l.5S3E*03 
1 ,o97E*03 
1 .««SEt 03 
1 .992E + 03 

2, t J5E*03 
2.262E+03 
2.37oE*03 
2.R23E*03 
2 .«‘I 6 E 403 
2.,39fl£t03 
2.0te£f03 
t .969e*03 
1.93SE+03 


0.000E*0O 

1 .lOOEtOO 

1.976E400 

2.583E+00 

3,2l9E*oo 

3,«b5E*00 

«.530t*00 

5.071E400 

5 , 69 oE *00 

8,30«E»00 

6,905£*00 

7,<J70C*00 • 

7 , 99 oE*oo 

8.39<Jt>C0 

8.7l9t*oo 

8.76I£*00 

8,720E*00 

«,393E»00 

S,667£400 

5.565E*00 

5 , 359 e*oo 

U 


O.OOOf^OO 
4,09tE«00 
«,699E*{>o 
«,95oE*00 
9.936F»00 
«.8l9E*00 
<I.02SE*00 
9 . 228 F. + 00 
3.859£*00 
3,‘l29Ff 00 
2.938E*0() 
2.391E*oo 

1,796£*oo 

1.199E+00. 

5,3iaE«*01 
9.42eE*02 
*.n3£-01 
1 .030E*00 
Ti 7odE-oi 

I , lOOFtOO 

1.287E+00 


0,00 



312.00 

O.OOOE+OO 

O.OOOE*00 

312.00 

1.5l9£*o3 

3.933E+03 

372,00 

1 .ei4E*03 

5.031E+OJ 

432.00 

1.831E+03 

5.41AE*03 

492,00 

1 .8466*03 

5,793£*o3 

552,00 

1,65U£*03 

6,i3fl£*03 

612.00 

1 ,8A2f *03 

6,47lE*03 

672,00 

1.6036*03 

6.Al^E♦o3 

732. CO 

1.802C+03 

6.650E+03 

792,00 

. 1.818F+03 

7.066E+03 

852.00 

1,8556*03 

7,2456*03. 

912.00 

1.9166*03 

7,3«0E*03 

972,00 

2,016E*03 

7,3776*03 

1032.00 

2. 14ft6*03 

• 7.202E+03 

1092,00 

2.321E*o3 

6.809£*03' 

1152,00 

2.501E*03 

6. 0766*03 

1212.00 

2.7ue*03 

5,084£*03 

1272,00 

2,8.766*03 

3.7926*05 

1332.00 

2.4S8E+03 

3.363E*03 

1392,00 

2.5i5E*03 

4,377E*03 

1432.00 

2.5306^03 

4«8e>8E*03 


e.oooE^oo 

».«07E*00 

2. t«8E*0i 
8.393E*0! 
1 . 9 O 2 E 402 
3.229f*C2 

4 , - 8 l 9 E*C? 
6 . 3 a 3 E '»02 
8.3b8F*02 
I ,0A3E*03 
1 ,393E*03 
1.792E403 
2.323E*01 
3,021Et03 

3. fl'i3e*03 

4 , 87 aet 03 

5. ««7E*03 
5,96fc£405 
9.eeoE*03 
3 . 595 E 403 
2.5UOE«03 


O.OOOE^OO 

4 . 153 E 400 

5,2S9E*00 

5 , 6 l 2 t *00 

5|96UC*00 

8 « 299 £*oo 

6 , buAE*oo 
6,8U£*00 
T,i 2 n£*oo 

7, <i6lt-00 
7,810E*00 

8 , ISbE^OO 
8 ,« 9 u £*00 
8.750E+00 
8 , 962 t*.oo 
A.9l6£t00 
8.6:$t»00 
fl.*i0OE*O0 
5 . 679 £*oo 
5,5Sbt*00 
S«349EtO0 


0. 000EtOO 
1.422E*fiO 
1.665E*00 

1. fr7lE*0O 

1 . b 34 E *00 
l.S 93 E »^8 
1 ,<l(>&F.«00 
1.291E«00 
I«l32£to0 

9.5 30C-01 
7.S6SE-01- 
S . (iA«E*oi 
3.385E-0! 
1.521C-01 
1.551E-C2 

2, C04E-02 
0 . 06 VE -02 
2 . 867 E -01 
2.788E-01 
t.7l«e-0l 

5.462E«01 


e.oooE^oo 

l.27$t*00 

l*6S6ttOO 

l,79fiE<»00 

1.93iE«00 

2 , 0 « 7 L «00 

2,l59E»C0 

2 . 17 SE 400 

2 t 23 SE «00 

2.279t*00 

2 . 309 E 400 

2.308b-»00 

2.26lt*00 

2.20SE400 

2 . 099 E 400 

U901E*00 

1,692E400 

1.934E4-00 

9,615£-01 

8,22aE«0t 

T. 529 E -01 


0,OOOE*0O 

1.222C-05 

l,iS7E«05 

l,2fl2E-05 

1.22VE-05 

t.l96E-0b 

1.19UE-0S 

l.097e-05 

1.07JE-05 

1 ,051E*OS 

1.02XE-0S 

9,715E-06 

9,0«9E-06 

8 ; 009 E -06 

6.929E-06 

5 . 491 E -06 

9,377E-0e. 

3,4.79E-0b 

3,979£-06 

9.227E-06 

fl, 992£-06 


additional STATE tSTlMATtS AT 130,000 fl (lO TO Nf) 

U94SE-08 6.439E-09 l,l7oE*07 5.907E-03 


d,OOOE«00 

S,082E-01 

3.907t-01' 

0.26flE*Ot 

0. A03E-01 
«,794E-01 

а. «05E*Ol 
«.,SJ7E-01 

«»10bt-01 

3 ,« 16 E *01 

2»«21E-01 

1,06SL-01 

7,569t-02 

3,0o7t-01 

б. 129E-01 
9.373E-01 
1.291IE+00 
1 tSbbEf 00 
l»ltt2E«00 

1, aolE-»O 0 

t«a 37 E 400 


0. 000EtOO 
3,«78£-07 
6,!r05E.-07 

' 1.026E-06 
l*iI7F-0e 

1. '5S*E»0o 
l,7SfiE-09 
2«l40t'-0b 

, 2,«02e-06 

2.937E-09 

3 . 009 c ^06 

3 , 3 b 6 b >06 

3,72bE-0b 

4 . 06 bfC 6 

9,3l7t-06 

4 . 500 E -06 

«.bO-7E-06 

9,-b36£-06 

8 , 6 l 7 E- 0 b 

6.!Ob£-09 

«,l«lE-06 


o.ooottoo 

3,9c7fc«06 

9.330E-06 

4.009E-06 

3.616E-06 

3,0*i5t-06 

2.223E-06 

1 ,679t-06 

•e.660t-C)7 

2.322t-06 

7,«34h-07 

1 . 2 c)U£« 0 b 

1 .507E-06 

1.079E-06 

3.3S1E-07 

1.46U*06 

3,00.bE-06 

4.466b-06 

5,987E-06 

4.266E-06 

1.936E-06 


0,000£*00 

7,296t-06 

8.009E-06 

7,7<t0E-06 

7.e<lll--06 

6 . 28 Sb *00 

9 , 24 aSt 04 

9.073E-06 

9.905fc-06 

l, 09 jfc- 0 b 

1.192t-05 

U267E-05 

1 .3nt-05 

1.232E-05 

1.0e>3t»05 

5,3ait-06 

t>,647t-07 

9.900E-06 

3.730E-0S 

3.649E-05 

3. U3E»05 


0. 000EAOO 
2,<i99E-05 
2.793E-0S 
2.662E-0S 
2.572E-05 
2,505t‘»05 
2,«9«£-05 
2,260E-Ob 
2.20bE-Q5 
2. U0t-O5 
2. 12UE-05 
2.039E-05 

1. VloE-05 
1 , 644 E -05 
1.310E-05 
9, 720E-06 
6.969E-08 
9,<l8l£-06 
3.750E-0S 
«,C4bE-05 
«.18«£-0S 

M 


OtOOOEfOO 

9.9986-01 

9.015E-01 

9.2266-0-1 

8.9566-01 
8.1606-01 
6.606E-01 
9.8086-01 
2.1966-01 
1.369E-01 
5.9106-01 
1 , 1676*00 
1 .8966*00 
2,7906*00 
3.6396*00 
4<8u16*00 
5,8376*00 
6.497E+00 
R.465£*00 
0,0696+00 
3,9i9E*00 

gamma error 


O.OOOE+00 

2.713E-0S 

3.030E-05 

2.878E-05 

2.761E-05 

2.662t-05 

2,*>09E-05 

2.339E-05 

2.233E-05 

2, 132E-05 

2.012E-05 

1 .84UE-05 

1.622E-05 

1 .29446-05 

9.395E-06 

5,3196-06 

2.728E-06 

1.829E-06 

0.8O8E-O6 

1.743E-05 

2.694E-05 


0.0006*00 

2,7716-05 

3.5476-05 

3,6466-05 

3.5966-05 

3,3446.05 

2,8556-OS 

2,0726-05 

■9,5676-06 

6,1746-06 

2,8026-05 

5,8176-05 

1 . 005E-04 

I ,t>00’6-04 

2, 4^)26-04 

3.4286-Ott 

4.7356-04 

6, 1^56-04 

5.0386-04 

5.694E-04 

6.3746-04 


VELOCITY 
MAC ERROR 


O.000E*00 
1.485E+00 
1.731E+00 
l»69o£*0'0 
l,64i4 6'*00 
1 .570E+00 
1.473E+00 
1.299E+00 
1.143E*00 
9.680E-01 
7.796E-01 
5,ec3£-oi 
3,6996-01 
1,6916-01 
6,1606-02 
2,4abe-02 
1.218E-01 
3.8C8E-01 
4.135E-01 
7.431E-02 
3,5656-01 

PSI 6RROR 


0, OOOE*00 

5.5906- 04 
8.7216-04 
9,9066-04 
9,bl6E-C4 
8,1126-04 

6.5906- 04 
5, 1 73E-04 
4.2C06-C4 
3.504E-0U 
2,9976*04 
2.635E-04 
2.393E-04 
2.2536 -04 
2,2336-04 
2,2986-04 
2.499E-04 
2,7426-04 
2.261E-04 
2.870E-04 
‘, 1636-04. 
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GROUP 21 TlME«iV*PYlNO OtNGJTY GCVIATIOMS— WINTER PROFILE . 


P 05 ITI 0 M feSTIMATC ERROR 


vetociTY estimate error 

x> 


TIHB 

R 

C 

D 

R 

c 

9.00 

Sl 2»00 

O.'O 00 E*OO 

e.eooEtoo 

0 .'oOOE *00 

o,oooE*eo 

0 . 900 E *00 

3 U >00 

4 . 6 o 5£403 

6 , 02 OE*O 3 

1 . 049 E +03 

2 , 330 E*OO 

7 . 950 E 900 

372»00 

5 . 357 e 4 C 5 

8 , 920£*03 

l.« 7 bEt 03 

3 *e 52 E*eo 

9 ,b 57 E *00 

432.00 

5 . 240 E 403 

9 , 039 £*O 3 

1 . 735 E *03 

5 , 0 bb £*00 

9 . 78 SEt 99 

4 R 2 .C 0 

a, 9 b 0 E 405 

1 , 0 b 0 E *04 

i, 90 ur*o 3 

b, 2 b 7 t *00 

9 , 635 E* 0 fl 

552,00 

4 . 509 E 403 

1 , 134 E* 0 « 

2 , 240 f *03 

7 , 4 Sl £*00 

9 , 339 E *99 

M 2. 00 

«,l 55 Et 03 

1 , 203 E* 0 « 

2 . 50 H £*03 

8 , 703 E *00 

6 , 879 E *09 

672.00 

3 , 594 Et 03 

l, 2 buE* 0 O 

2 , 7 b 3 F +03 

9 ,e 8 b £*00 

«, 257 E *00 

732,00 

2 . 9731*03 

1 , 315 E *04 

3 , 024£*03 

1 , 099 E »01 

7 . 478 E *09 

792,00 

■ 2 , 281 E *03 

l, 3 bb£* 0 tt 

3 . 2 B 2 E *03 

1 . 202 E «01 

6 .S 79 E *09 

852.00 

l, 52 l £*03 

1 , 583 E *04 

3 , 52 b £*03 

U 288 E* 0 l 

5 , 5 bO £*00 

912.00 

7 , 100 E *02 

1 , 38 bE *04 

3 . 730 E *03 

1 . 3 u 9 E «01 

a,« 55 f *90 

972.00 

1 , 075 E *02 

1 , 353£*04 

3 , 8 « 0 E*O 3 

1 . 347 E *01 

3 « 304£«00 

1032.00 

e. 69 oE *02 

1 , 301 E *04 

3 , 89 «E *03 

1 , 310 £«O 1 

2 . 209 E +00 

10 R 2.00 

1 , 571 E *03 

l, 2 b 2 E *04 

3 . 9 t 5£*03 

l, 295 £* 0 t 

t,l 8 bE *00 

1152,00 

2 , 180 E *03 

1 , i 9 iE*oa 

3 . 0 b 0 etO 3 

1 . 240 E 4 -O 1 

2 . 726 E -01 

1212 , 00 . 

2 . 726 E *03 

\. 13 SE* 0 « 

3 . 8 O 0 E+O 3 

1 . 2 UE 4-01 

5 r 72 «E -01 

1272.00 

3 , 07 bE *03 

1 , 0 bb£* 0 a 

3 , 630 e *03 

1 , 114£*01 

1 . 16 U 400 

1332,00 

3 . 30 bE*O 3 

9 ,eooE *03 

3 , 440 C *03 

l. 005 t* 0 l 

. i. 6 eeE*oo 

1392,00 

3 ,b 02 E *03 

9 | 308 E *03 

3 . 347 E +03 

9 , 520 £*OO 

2 , 339 E *09 

1432.00 

3 . 70 lE*O 3 

8 . 998 E+ 0 S 

3 . 295 t *03 

9 . 270£*00 

2 , 733 E *00 

TIME 

U 

V 

M 

U 

V 


e.Qooc^oe 
2 « 5 o 9 £^ao 
3.2«8t.«90 
3 ,Sa 2 E *00 
3 ,T 65 E *00 
3.R59t*00 
«#t27E*00 
«,2u6E«9G 
i(.3l2t4 00 
a, 325 L *00 
4 , 263 EfOO 
a.oeoE^oo 

5,273E*00 

2,672L*0e 

2,tt37E»C9 

2.0(>2E*90 

l«62aE*00 

uzait+oo 

t,0(i2£«6O 

9*329t«0t 


PU^TFOKM TILT ESTIMATE 
R C D 


altitude 
rate error 


e,OOOE *09 

2 , ao^ 4 E -05 
2 . 6 & 7 E -05 
2 . 52 UE- 0 S 
2 . 370 E-Ob 
2 , 25 a£- 0 S 
z.nse-os 

2 , 07 ti £-05 

1 . 92 JE -05 

U 730 E -05 

1. « 88 E- 01 » 
l,l 23 E -05 
6 , 0 T 2 E- 0 <> 
1 . 321 E -06 
1 . 732 E -06 
A, 02 ’E" 0 b 
5 ,l 02£’-06 
5 , 590 E -06 
<I,B 9 ( 3 E -00 

3 , aiSE -06 

2 , t 7 ' 0 £- 0 A 

U 


C.OOOE+OO 

7,766£-0fr 

e.670t-0a 

0 ,O 6 at-O 6 

7.207E-06 

6,J77E-O0 

«, 9 iat .06 

3,699fc-0fe 

2 , 9 q 3 £- 0 b 

2 . 6 a 6 E« 0 b 

3,277t»0b 

5.706L-06 

1 ,09«E-05 

i,674lE-05 

2.075E-05 

2.««5E-05 

2,615t-0S 

2,72lt-05. 

2.501E-O5 

2, I5fet-0S 

1 ,732E-0S 

V 


O.OOOE «09 
4 . 917 E -95 
5 . 5 ti 6 E "05 
5 , 512 E- 0 S 
4 . 997 E -05 
<i, 7 « 3 E -05 
«,b 53 E -05 
4 . 320 E -05 
3 . 979 E -05 
3 ,b 67 E -05 
2 , 90 bE-O 5 
2 , 0 ««E "05 
5 , ObbE" Ob 
l.l« 5 E- 0 b 
2 ,«tlE -05 
3 . 75 bE -05 
<J, 7 b 7£-05 
b, 2 b 5 E -05 
7 .U 63 E -05 
7 . 777 E -05 
7 , 835 E -05 

H 


C.OOOE +00 
1.377£*00 
i ,773Et00 

i , 62 “E *«0 
l.753E*09 
1 ,588£*50 
U322£*00 
9 ,Ci 7 E *01 
fl.UgUE^oi 
i. 7 ol £-01 
9,5b9t*01 

1 , fi22tt00 

2 , b 59£*00 

3 , b 82 E *00 
4 , 9 uaE *00 
b,192E*05 
T,5i;3E*00 
8.2ub£*00 
7.bo«E+00 
6 , 934 E *00 
6,771E*00 

GAMMA ERROR 


0.00 

312,00 

0 , 0 O 0 E*O 0 

O, 0 OOE*OO 

O,O 0 OE* 0 O 

0 , 000 E *00 

312.00 

2 . 9 A 9 £*o 5 

7 , 758 E *03 

l, 65 uE* 0 i 

8 ,l 7 ie*O 0 

372.00 

3 . 593 E +03 

9 . 676 E *03 

5 , 00 l£* 0 i 

1 . 032 E* 0 t 

432.00 

3 . 640 E *03 

1 , 0 'bPE *04 

1 . 727 E* 0 ? 

1 , 10 bt* 0 t 

492.00 

3 . 615 E 403 

l,l 30 t *04 

3 , 7 laE *02 

l, 163 E* 0 l 

552.00 

3 . 587 E *03 

l,i 69£*04 

6 . 180 E +02 

1 . 2 l 9 £* 0 l 

912,00 

3 , 561 E *03 

1 , 2 Uu £*04 

9 , 073 C *02 

l. 27 b£*Ol 

672.00 

3 . 5 ' 2 oE *03 

1 . 290 t *04 

l. 23 u £*03 

1 . 350 E *01 

732.00 

3 . 49 }E»o 3 

1 . 327 S *04 

l,b 04£*03 

j , 370 fc*ei 

792,00 

3 , 482 E *03 

1 . 35 U£t 0 a 

2 . 044£*03 

1 . 423 E*ei 

852.00 

3 . 493 .E *03 

l, 3 b 0 t*O 4 

2 . 570 E *03 

1 , 0 SftE *01 

9 J 2.00 

3 . 5 l«E *03 

1 , 3 b 6 E *04 

3 . 224 E*C 3 

1 ,Hb 9 E-. 0 i 

972,00 

3 . 5 t 2 E *03 

1 , 302£*04 

3 . 999 E *03 

1 , 430 £* 0 t 

1032.00 

3 , 517 E *03 

1 . 2 l 7 t* 0 « 

■ 4 . 90 OE*O 3 

1 . 375 E* 0 t 

1092.00 

3 , 590 E *03 

l,ll?E *04 

6 , 1 T 5 E *03 

1 , 33 lt* 0 l 

1152,00 

3 . 677 E *03 

9 ,b 65 E *03 

7 . 3 b 7 E *03 

1 , 2 b 9£*01 

1212.00 

3 . 83 bE *03 

7 . 979 E *03 

«.b 03£*03 

t, 222 L*Ot 

1272.00 

3 , 89 ^E *03 

5 , 631£*03 

9 . 20 b £*03 

l,ll 7 t* 0 t 

1332,00 

3 . 930 E *05 

5 . 767 E *03 

8 , 373 E *03 

1 . 003 E *01 

1392.00 

4 , 05 lE *03 

7 ,a 95 E *03 

6 . 102 E 4 O 3 

9 , 40 lE*OO 

1432,00 

4 . 122 E 403 

8 . 357 £t 03 

«, 390 C *03 

9 , 222£*00 

additional state I 

ESTIMATES' aT 

130,000 rt 

TIO TO NR) 


2 . 330 E* 

08 1 . 207 E» 

OS l. 52 lB 

-07 U 337 


O.OOOE *99 

9 , 0 OOE*OO 

0 , 0006*00 

0 , 000£*00 

O.OOOE +00 

2 ,T 98 E *99 

6 ,O 6 <iE -01 

2 . 908 E -07 

1 . 435 E -05 

5 . 338 E -05 

3 . 3 « 1 E *00 

7 . 694 E- 0-1 

1 . 097 E -06 

1 . 56 SE- 0 S 

b, 033 E -05 

3 . 327 E *00 

8 . 431 E -01 

1 . 87 CE- 0 b 

l, 5 l 5 fc -05 

5 , 73 bE -05 

3 . 20 U *09 

6 . 991 C -01 

2 -, 5 UbE- 0 b 

l, 499 t -05 

S. 3 b 6 E -05 

3 . 027 C +09 ■ 

9 ,S 05£-01 

3 .iO 3 E- 0 b 

1 . 531 E -05 

5 . 052 E -05 

2 . 806 E *00 

9 , 2 . 9 dt« 0 l 

5 ,S 89 E-C 6 

1 .btbE -05 

4 . 7 . 92 E -05 

2 . 526 E »00 

8 ,e 80 £- 0 l 

4 ,-i 30 E-Ob 

1 ,b 63 i -05 

4 . 484 C -05 

2 . 204 £T^e 0 

6 . 97 bL -01 

4 . 762 E -06 

1 . 665 E -05 

4 . 077 E -05 

i. 8 « 7 E *00 

6 . 857 E -01 

5 . 359 E -06 

1 . 575 E -05 

3 ,bl 2 E- 0 S 

1 , 466 E *00 

S. 226 E -01 

5 ,- 9 i 7 E- 0 b 

1 ,. 325 t -05 

3 . 022 E -05 

1 ,q 66 £* 0'0 

3 . 274 E -01 

6 , 377 .E- 0 b 

7 . 259 t -06 

2 ,l 9 a £-05 

7 , 36 «t- 0 l 

1 . 281 E -01 

6 , 5 b 7 E- 0 b 

«, 8 bU- 0 b 

i, 075£-05 

4 . 200 E -01 

1 . 075 E- 0 I 

6 , 100 £- 0 b 

1 , 93 «t- 0 S 

1 . 392 E -06 

t . 365 E -91 

4 . 623 E -01 

4 . 958 E -06 

3 . 137 E- 0 S 

2 ,«« 2 E- 0 b 

2 . 84 bF -02 

e. 820 t- 0 l 

3 ,b 9 bE- 0 b 

4 ,« 77 fc-CS 

2 ,ei 34 £- 0 b 

«, 95 ‘lE -02 

l,a 22£*00 

2 , 260 E-Ob 

S, 4 blE -05 

2 . 437 E -06 

1 . 587 C -61 

l,Sl 6£*-09 

l,u 33 E- 0 b 

b, 770 t -05 

1 . 053 E-Ob 

0 . 553 E-O 3 

2 . 202 t*C 0 

9 , 75 oE -07 

7 , 900 £-05 

4 . 06 bE-Ob 

8 . 376 E .-01 

2 . 590 E +00 

• 0 , 5 bb£-O 7 

7 . 770 E-OS 

2 . 206 E -05 

1 . 560 C *90 

2 , 607 C *00 

9 . 112 E -07 

6 , 93 aE -05 

4 . 042 E -05 


•et 


O.OOOE*00 

5,452E-05 

6,97b£-05 

7,2oet-o5 

7,0tl0E-0S 

b, 508 E- 0 S 

S.SuSE'OS 

a, O 50 E*OS 
1.972E-C5 
8,524E-0b 
4,533t-03 
9.081E-05 
1 • 42UE-09 
2,U0t-0« 
3.121E-04 
4.365E-0U 

b, U 5 E -04 
7,8c2E-0« 
8,59l£-0a 
9,7l8E*0R 
l,105£-OS 


VELOCITY 
MAC ERROR 


0 , 000£«00 

2,922E*00 

3 . 432 C ^00 

3.3b3E*00 

3,22U*00 

3 , 0 UIE *00 

2,82CE*00 

2,5««E*00 

l,67b£400 

1,5UE*00 

l,l«iiE 400 

8.231E-01 • 

«,78lE-01 

2,0b3E*01 

3,48SE-C2 

3,.bie£“02 

2,a39£-0i 

2,363E"0l 

b, 7 ie£. 0 l • 

J .232E400 

P 3 I ERROR 


0|O00E*0O • 

l,loe£-03 
l,7t2E-03 , 

1.953E-03 ' 
l,85frE-03 . 

t,570E-03 ' 
l,2b5C-03 ' 

l,00‘.iE-33 
0, 126E-04 
6,677E"04 
5.b09E-O4 
U, 73 e£o 0 « : 
«,02lE-0a 

3, b02E-04. 
3 , 2496-04 
3. 186E-04 
3.4UE-04 
3,60lE-O4’ 

4, 108E-O4 
5.190E-04 

5, bb0£»Ott 
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CROUP 21 

TIME-VARYING OCNSITy DEVIATIONS- 

. SUMMER PROHLE 


• 


POSITION ESTIMATE 

ERROR 

velocity ESTI-aT£ 

ERROR 

- PLATFORM TILT ESTIMATE 

TIME 

R 

C 

D 

R 

c 

D 

R 

c 

D 

8.00 

312.00 

e.oooE^eo 

e.oooE^oo 

0.0006*00 

8.000E40D 

0,OOOE*88 

8*088E*80 

0.0001*08 

0.0001*08 

O.O00E*OO 

312.00 

2,3*i7F«05 

3.476E403 

5.3496*02 

1,192£*00 

4.0536*08 

1.2796*00 

1.2256-05 

3,9596-06 

2,50e£-05 

372.00 

2,662E*03 

4,m7E»03 

7,30lE*02 

1 .9176*00 

4,7746*08 

1,6116*00 

1.3216-05 

4,2551-09 

2.7396-05 

432.00 

2.6UE403 

4,89t,£403 

8,6306*02 

2.526E400 

4,8716*00 

1,7646*00 

1. 2606-05 

• 3,9051-09 

2.6016-05 

492,00 

2,“47E40i 

5.3S7E4C3 

1 ,0006 4.03 

3,1596*00 

4,6606*00 

1.9011*00 

1,2141-05 

3,6031-06 

2,56/1-05 

552,00 

2.324E403 

S,78PE403 

1.139E40J 

3, "046*00 

4,7606*08 

2.0211*00 

1,1891-05 

3,0211-06 

2.5176-05 

612,00 

2,l06Ft03 

6.209E403 

1.282E403 

4,4696*00 

4.5866*08 

2,1321*00 

1,1976-05 

2,1691-09 

2,5231-05 

672,00 

1 ,fl.3bE*03 

6.577E403 

1 .42J6403 

5, 1226*00 

4,3051*00 

2,2l8E*C0 

1, 1941-05 

1 ,2271-09 

2.5016-05 

732.00 

1.523E*03 

6,fl9P£*03 

1 ,5h7E*03 

5,7556*00 

3,9366*00 

2.2816*00 

I.l9?£-05 

4,0511-07 

2.0376-05 

792.00 

l.l7lEto3 

7, 2026403 

1.7156403 

6,3906*00 

3.50»6*00 

2.3321*00 

1,1476-05 

4,9021-07 

2.3991-05 

852.00 

7,787E*02 

7.479E403 

1,8606403 

7,019E*00 

3.0146*00 

2,3686*00 

1,1231-05 

1,3*91-09 

2.3691-05 

912,00 

3.WU9E+02 

7.7l7tt03 

2.0236403 

7, 6291*00 

2,4636*00 

2,3831*00 

1,0846-05 

2,0891-09 

2, 3196-05 

972,00 

1.269E402 

7,fl3uE403 

2,1626*03 

. 6.0966*00 

1,8546*08 

2,3356*00 

9,7506-06 

1,8421-09 

2,09*1-05 

t032.OD 

6.252£*02 

7 .9iiE*o3 

2.297E*03 

8,5441+00 

l.2l7f*00 

2.2696*00 

6,7801-09 

1,5071-09 

1,8326-05 

1092.00 

l.l«l€*05 

7.910E403 

2,4146403. 

8.9146*00 

5,6586-01 

2,167E*00 

7.7191-06 

9,7771-07 

1,5246-05 

1152.00 

1 .6O0E4O3 

7,6«7e.05 

2,4506405 

8. 8201400 

2.1876-02 

1,9386*00 

5,9811-06 

.1,4471-09 

7.035E-06 

1212.00 

2.052E+03 

7.382E403 

2,4716*03 

8,7931*00 

5,7521-01 

1,7251*00 

4,9071-09 

3,om-o6 

2.1981-07 

1272,00 

2.332E403 

6.8uflE403 

2.37dE403 

8. 126E400 

9.2236-01 

1,4161*00 

3,7591-09 

4,9451-09 

1,2666-05 

1332.00 

2.531E405 

6.3U8E403 

2,2736403 

7,469£*00 

1 ,l9ot*00 

1,1681*80 

3,5541-09 

5,1541-06 

2.3346*05 

1392,00 

2.TieE+05 

5,95l£»03 

2.2006403 • 

7,0266*00 

1,4786*00 

l,005k*00 

4,1196-09 

3,0751-09 

• 2,9896-05 

1432.00 

2.808E403 

5.695E403 

2,1536403 

6,7281*00 

t.O3lE*00 

9,3131-01 

4,8571-09 

1.0471-07 

3,3251-05 

time 

0.00 

U 

V 

M 

U 

V 

N 

U 

V 

a 

312,00 

O.OOOE«00 

OiOOOE^OO 

0.0006*00 

8*000£400 

e.800E*00 

0*0001*00 

0.0006*00 

8,oooe*o'o 

0,0001*00 

312.00 

1,5?«C*03 

3.94I5E403 

8,4326*00 

4,1656*00 

i*429E*08 

3.0911-01 

J, 4821-07 

7,3181-06 

2.7211-05 

372.00 

l,77yE*03 

4.A97E403 

2.2746*01 

5.1191*00 

1,6486*00. 

3.8091-01 

5-.9116-07 

7.7801-09 

2,9701-05 

432.00 

1 ,80fif *03 

5.316E-«0S 

8.5266401 

.5,5066 *00 

1,65*2F*.00 

4,1951-01' 

9,4796-07 

7,5851-09 

2.8526-05 

492,00 

1.812E703 

5,7o«e*03 

1,9126402 

5.8706*00 

1.6226*08 

4^5376-01 

1,2221-09 

7,7501-09 

2,7531-05 

552.00 

1 ,fi44E*03 

6.058E403 

1,23«6*02 

6,2}4E*00 

1,5576*88 

4,7331-01 

1,4526-09 

1.9496-06 

e,27St-09 

2,9711-05 

612,00 

1,856E*03 

6.S99E403 

4.8226*02 

6,57ae*oo 

1 ,«84E*88 

4,74«L-0i 

9.3521-09 

2,9351-05 

672,00 

1.657E403 

6,690E4C1 

6,6146402 

6,9061*00 

1.334E*08 

4,5356-Oi 

1,9276-06 

1.0491-05 

2,Sb3£-05 

732.00 

1.059fc4OS 

6.939E403 

8, 6716*02 

7,230£*00 

1.1776*08 

4.0936-01 

2,289g-09 

1.1331-05 

2,4431-05 

792.00 

l,Or7E*03 

7 , 1o9E4 03 

1.1196*03 

7.5796*00 

9.9826-01 

3.3886-01 

2.6551-09 

1 ,2441-05 

2,3351-05 

.852,00 

l.9l8Et03 

7,3tfif403 

1, 4366*03 

7,9546*00 

8.0026-01 ■ 

2,3886-01 

3.0546-09 

1,3701-05 

2.2186-05 

912,00 

1 .9C9E403 

7.509E403 

l.B49E*03 

8,3426*00 

5,8901-01 

9*6201-02 

3,4866-09 

1 ,4891-05 

2,0631-05 

972,00 

2.079E403 

7.4e9E403 

2. 3756*03 

6, 6191*00 

3.8236-01 

7,8486-02 

>,9e>7E-D9 

1,4361-05 

1,7431-05 

1032.00 

2,21 7E»03 

7.3331403 

3.0926*03 

8.9166*00 

1,9036-01 

3.1706-01 

4,3371-06 

1.3991-05 

1 .«! '/t-OS 

1092,00 

2.402E403 

6.952E403 

3.949E403 

9.1696*00 

4.8766-02 

6,2921-Ot 

4.6311-09 

1,2701-05 

1 ,0496-05 

1152.00 

2,56lE*03 

6, I56E403 

4,7556*03 

8.9916*00 

2.2826-02 

9,2301-01 

4,9511-09 

5,7331-09 

5,4921-09 

1212,00 

2.771E*03 

5.150E403 

5,5346*03 

8,8876*00 

9,6826-02 

1,2761*00 

4,9156-09 

4.7241-07 

2,8001-09 

1272,00 

2.86«E*03 

3.772E403 

5,9656403 

8,167£*oo 

3.2016-01 

1,4421*00 

5,1261-09 

1 .3081-05 

1,4726-09 

1332.00 

2.957f 4 (j3 

3,75.0.6^03 

5,uo2E*-03 

7.47lt*00 

2.3986-01 

1,6436*00 

5,2531-09 

2,3531-05 

1.9471-06 

1392,00 

3,007Et03 

4.P21E403 

3,919E*03 

7.0101*00 

2.91 le-oi 

1,8286*00 

5.5001-09 

2,6891-05 

1 , 2961-05 

1432,00 

3.026E403 

5.3206403 

2,7336*03 

6.7106*00 

7,0686-01 

1,808E»00 

5,9706-09 

2,4271-05 

2.2461-05 

ADDITIONAL STATE ESTIMATES AT 

130,000 rt 

no TO NR) 







1.932E*0a 

1,0626- 

08 1,28.8E 

-07 2,6146 

•02 






ALTITUDE 
KATE ERRUR 


0*OOOE«00 
7,0l9fc-01 
8.7Silt-0I 
9,O70L-OJ 
6,«39E-C1 
8.078E-01 
6,7S3E-01 
<J, 775t"M 
J.09U-CI 

6,13«&-0l 
1 ,2i2t»09 
1 .920t+00 

2,SijeEtO0 

3,939EtwO 

«,8t,3£*-03 

5,870t+00 

fe,270EtOO 

b,b95t400 

5.371E+00 

5,lb0t»00 

CAHhlA ERROR 


0»OOOE*00 

2.779E-oy 

3,il58E-0S 

J.StsuE-Ob 

3,SS0E-0S 

3,3i0t-0b 

2,833E-0b 

2,058£-0‘> 

9,327E-06 
t . 670E-08 
2.908E-05 
6,0a0E-05 
l,0.l7E-0« 

2.465E-09 

3.4<j9E>9a 

«,7bBt-0U 

5,939E-oa 

8,^55h-0a 

7,5l9£-0« 

8.378E-04 


VELOCITY 
(IAS ERKOR 


0. 000E+OO 

1, tt90E*00 
l,693EtOO 
1«670E*09 
1,632E^00 
l,b65£+00 
l,«73E+00 
1 .3OUE + 00 
Ul6tJE*C0 
I.OIUE^CO 
6.238E-01 
fe,2l7L-0l 

2,26(JE-01 

9.614E-02 

6.766E-02 

l.bSyE-Ol 

9,n7t-01 

9,J09£-0l 

l,6b6t-0l 

A,686E-01 

P8I ERROR 


0,OOOE*00 

b,607E-0« 

8.U88E-0U 

9,722E-0tt 

9.372E-04 

8.010E-C4 

6,b23E-0tt 

4.291E-C4 

3,b7uE-04 

3,0bbE>04 

2.7O0E-O4 

2.44OE-04 

2,30bE>0a 

2,290E>0R 

2,3UE-0R 

2,bi0E-09 

2,637£-04 

2,949E»09 

3«545E-0« 

3«82y£*04 
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time 

POSITION fSTlHATE 

ERROR 

VELOCITY estimate 

ERKQR 

PLATFONN TILT ESTIMATE • 

ALTITUDE 

VELOCITY 

R 

c 

D 

R 

c 

D 

R 

C 

D 

RATE ERROR 

HAG ERROR 

0,00 

312.00 

l.OOOE-10 

I.OOOE-IO 

1 ,OOOE*10 

1 tOOOE-10 

i.oooE-ie 

1 *0001-10 

1,000£*10 

1 .OOOE.-IO 

I.OOOE-IO 

1 , 0001-1 0 

l,OOOE-lO 

312.00 

1 ,euOE-06 

2,72u£.o6 

4.192E-07 

9.39U-10 

3.177E-09 

1,0071-09 

1,0001-10 

I.OOOE-IO 

I.OOOC-10 

.5,0501-10 

1,1741-09 

372,00 

, 2,7lo£*02 

4.98U402 

8.298Et0l 

1 .858E.-01 

5.330E-01 

t, 7181-01 

1,4561-06 

6,0801-07 

3,6951-06 

6.832E-02 

2,1211-01 

«32.09 

2,422E*02 

5.13ae*02 

9.000E*OJ 

2,S08t-01 

5.0B7E-01 

1.7571-01 

1.370E-06 

5,4381-07 

3.656E-06 

8,5231-02 

2.009E-01 

092.00 

2.085E*02 

5.053£*02 

9.257£*01 

2.671E-01 

4-.610E-01 

1,7271-01 

1,4291-06 

4,3671-07 

3.699E-06 

7,4561-02 

1,7991-01 

' 5‘>2,00 

1 ,805Et02 

5.012E402 

9,Sfi7E40l 

3.0411-01 

4.172E-01 

1,7181-01 

1.761E-06 

6 . 1 65E -07 

4,1211-06 

6.1801-02 

1,5901-01 

012.00 

1 ,565E*02 

5,057E*02 

l.009E*02 

3.465E-M 

3.795E-01 

1, 7491-01 

2,3121-06 

1.177E-06 

4,9831-06 

4,9731-02 

1,3931-01 

072.00 

l.360F*02 

5,4o2E*02 

t.UlE^O? 

4, 0971-01 

3.6131-01 

1,8991-01 

2.847E-06 

1,7801-06 

6,0311-06 

4.690E-02 

1.291E-01 

712.00 

l,n*'E*02 

5.627E+02 

I,202£t0? 

4,74At-01 

3.275E-01 

2,0241-01 

3,2701-06 

2,5001-06 

7.032E-06 

6,9921-02 

1 , 128E-01 

792,00 

9.229E»01 

5,99JE*02 

1.313K*0? 

5.6751-01 

2.9J7E-01 

2,2511-01 

3.7751-06 

3,4141-06 

8,5631-06 

1,2551-01 

9,0191-02 

052.00 

6,99uE*0l 

6.5lftt*02 

KMejiiEtO? 

6,9751-01 

2.S53E-01 

2,590£-0l 

4.250E-06 

a,44?t-06 

1,0451-05 

2,15ie-01 

8,0051-02 

9»2,00 

4,600E*01 

7,067E*02 

l.heoEtO? 

e,458£-Ql 

2.067F-01 

2.9391-01 

4,4561-06 

5,3081-06 

1 .209E-05 

3,3201-01 

6.5601-02 

972,00 

4.37{>E*01 

7,4«Je*02 

1.876E402 

9.804E-0I 

l.SllE-Ol 

3,1771-01 

4,3121-06 

5.8111-06 

1.3091-05 

4,64bL-01 

6,9401-02 

1032.00 

8, 478E + 0 1 

7.723E*02 

2.1 l7E*e? 

1.11 31*00 

1.107F-OI 

3. 3411-01 

3.9771-06 

6,0571-06 

l,378E-0S 

6.232E-01 

9,2701-02 

1092,00 

1.450E*02 

7,82«E»02 

2.350e*02 

1.2301*00 

1 .2451-01 

3. 3921-01 

3.503E-C6 

5,9841-06 

1.413E-05 

7.962E-01 

e,65lE-02 

• 1152.00 

2.075E+C2 

7,557E*02 

2,4B6Eto? 

1 . 282 E *00 

1 .7761-01 

5,209£-01 

2.91OE-06 

5.4301-06 

1,3681-05 

9.374E-01 

6,9541-02 

1212.00 

2.867E*o2 

7,123E*02 

2.55lE*02 

1,2971400 

2.34<JF-0t 

2,90«t-01 

2,4031-06- 

4,6621-06 

1.283E-05 

1.0491*00 

6.535E.-02 

. 1272.00 

3.07«E+02 

6.3«9Eto2 

2.465E*02 

1 .2281*00 

2.673E-01 

2.4511-01 

2,0321-06 

3.834E-06 

I.127E-05 

1.074E*00 

• 1.072E-01 

1332.00 

3.487E+02 

5,8l9t*02 

2,397E*0? 

■ 1 .2201*00 

3,C53E-0l 

2. 1021-01 

1,6921-06 

3.5461-06 

1.03OE-05 

1,0691*00 

1,199E-01 

1392,00 

S,726Et02 

5,179£*o2 

2.263E40? 

1.1«4E*00 

2.9761-01 

1,8711-01 

1,9131-06 

3.4891-06 

8.522E-06 

l,0l9(:*Cl0 

1,1361-01 

H32.00 

3.671E402 

4.830E402 

2.l97Ef02 

1,0981*00 

2,9001-01 

l.dOOE-Ol 

1.9J01-06 

3,8061-06 

7,463£-06 

9,664£-0i 

1.3131-01 

time 

U 

V 

w 

U 

V 

N 

U 

V 

N 

gamma error 

PSI ERROR 

0.00 

312.00 

l.OOOE-10 

t.OOOE-10 

l.OOOE-lO 

1,.000E-10 

1 .ooec-to 

1,0001-10 

I.OOOE-IO 

1,0001-10 

I.OOOE-IO 

3,891E-lS 

3.691E-IS 

312.00 

l,19ttE-06 

3.091E-06 

1.684E-08 

3.2661-09 

1 , l2»C-09 

2,5431-10 

i.ooot-io 

1,0001-10 

1,0001-10 

2,0351-14 

4,3961*13 

372.00 

2,l88Et02 

5.296E+02 

8.741E400 

5,5081-01 

2.072E-01 

4.25U-02 

1,4401-07 

7.712E-07 

3.94U-06 

3,5411-06 

9. 145E-0S 

432,00 

2.130Et02 

5.33SE402 

2.019E401 

5,4891-01 

1.99U-01 

9,3951-02 

2.20BE-07 

7,9801-07 

3,8541-06 

3.4251-06 

9,7571-05 

492.00 

l,966Et02 

5.1 74E402 

3.340E401 

5,2901-01 

t,790E*01 

9,3031-02 

3,0601-07 

1,1201-06 . 

3.817E-06 

3,0u31-06 

8.5441-05 

552.00 

l,8l7Ef02 

S.077fct02 

4.727E+01 

5.189E-0J 

1.584F-01 

9,1331-02 

3,8991-07 

1,8801-06. 

4,0961-06 

2.5731-06 

6,7861-05 

612,00 

1.702E*02 

5,075E*02 

0, 2657401 

5, 2331-01 

l,58»r-0l 

.3*9221-02 

9.6801-07 

3,0271.-06 

4,71 oe-06 

2, 1 19E-06 

5.270E-05 

072.00 

1.72IE*02 

S,349t*02 

8.36SE401 

5. 6261-01 

l,285t-9l 

3*e06b-C2- 

9,7651-07 

4,2171-06 

5.445E-06 

2,0491-06 

4.346E-05 

732.-00 

|,679Ef02 

5.523E*02 

1.0«IE*02 

5,99eE-01 

I.M9F-01 

3*746E«02 

«,999£*07 

5,4931-06 

5.997E-06 

3,1401-06 

3,5831-05 

792.00 

l,O85E*0? 

9,B22E*02 

1.324f*e? 

8.89U-01 

9,T|7F»02 

8. 2061*02 

5.672E-07 

7,2201-06 

6.04OE-O6 

3.827E-06 

l,l55£-05 

852.00 

1.752E402 

6.253E.02 

1.715E402 

7,7961-01 

8.T041-O2 

5,8171-02 

6.519E-07 

9,3081-06 

7.746E-06 

1,0301-05 

2,9671-05 

912.00 

1 ,876C*02 

6 . 672£+ 02 

2.2D8E402 

9.109E-01 

8.569E-02 

8,6991-02 

7. 9501-07 

1,1271-05 

6,1671-06 

1.6791-05 

2,0991-05 

972.00 

2.046E+02 

6.8o7e»02 

2,789.1.02 

1,030E*00- 

9,1251-02 

1.2571-01 

8.706E-07 

U2751-0S 

7,7661-06 

2.4901-05 

2,e7JE-05 

1032,00 

2.307E+02 

O.A%3E*02 

3,5«uf t02 

1 . 150£*00 

9,5l‘*f-02 

1,7541-01 

I .OiOE-06 

1 ,4021-05 

6, e921" 06 

3,5911-OS 

2.9711-05 

1092.00 

2.654E*02 

#>,5lSt402 

4.399E40? 

1.2571*00 

9.013E-02 

2,3521-Cl 

1.205E-06 

1,4671-05 

5,0081-06 

5,0061-05 

3.202E.-05 

1152.00 

2,999E*02 

5,688t*02 

5.122E402 

1.3001*00 

7,2001-02 

2.8781-01 

1.37/E-06 

1,4661-05 

2,8771-06 

6.531E-05 

3.459E-05 

1212.00 

3.558Et02 

4,St>6E*02 

5,677£*02 

1 ,3081*00 

6.2901-02 

3,3001-01 

1,5161-06 

1,3711-05 

1,4541-06 

8,2131-05 

3,787E-05 

1272,00 

3,5T3E*02 

3.1»2E»02 

5.796E*Ci2 

1,2311*00 

9.690E-02 

3,3621-01 

l,6l3E-06 

1,1711-05 

2.439E-06 

9.576E-0S 

3,9491-05 

1332.00 

3,eiS0£'*02 

3.092E+02 

5.225E40? 

1.2171*00 

1,0281-01 

3*6701-01 

1.770E-06 

1,0581-05 

2.660E-06 

1,1401-04 

4.6061-05 

1392,00 

3,97SE*02 

3,842E*02 

3.907E402 

1.1401*00 

r.l6lE-0l 

3.457E-01 

J,tt2»E-06 

6,5051.-06 

3.576E-06 

1,3561-04 

5,1961-05 

1432,00 

4.0S3E*02 

4.207E402 

3,002E^O2 

1,0961*00 

l.4ifiE-0i 

3,2071-01 

1,8521-06 

7,2471-06 

4.237E-06 

1,5621-04 

5,5761-05 

AOOniONAL STATE ESTIMATES aT 

130,000 ft 

MO TO SP) 









5.668E-D9 3.7UU-09 3«9S2E-06 l*67eE*02 


THE ANALYTIC SCIENCES COHPCRATION 
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CNOUP 22 ZONAL (WESTERLY) »>:n 05 
POSITION tSTlNATf EPPOR VELOCITY ESTiNATt ER«OP 


TIME 
. 0,00 

R 

c 

D 

R 

c 

D 

M 2. 00 

O.OOOC +00 

o.oonC*oo 

O.OOOE+OO 

0 , 0001*00 

O.OOOE* 00 - 

o,oooe*oo 

312.00 

l, 114 E* 0 l 

1 , 6501+01 

2 , 5381*00 

S, 655 E -05 

1 , 9231-02 

6 , 0691-03 

372,00 , 

l.boeitoi 

2 . 7541+01 

4 . 5611*00 

1 . 14 U -02 

2 . 9671-02 

9 , 8761-03 

432.00 

1 , 799 e *01 

3 . 586 E +01 

6 . 2981+00 

1 , 7281-02 

3 , 5601-02 

1 , 2611-02 

492,00 

1. 8361 + 01 

4 ,? 89 £+ 0 l 

7 , 9031*00 

2 . 3541-02 

3 , 9061-02 

1 , 488^-02 

552,00 

1 . 7571+01 

4 , 6411+01 

9 , 3171+00 

2 . 981 E -02 

4 , 0171-02 

1 , 6651-02 

612.00 

1 . 6081+01 

5 . 3191+01 

1 . 0671*01 

3 . 6221-02 

5 . 9821.02 

1 . 8161-02 

672.00 

i. 4 ?ee+oi 

5 , 8671+01 

1 . 214 E +01 

4 . 38 U -02 

3 . 9 I 2 C -02 

2 . 002 E -02 

752.00 

1 . 2751+01 

6 , 9711*01 

1 , 4431 +Oi 

5 . 7 USE -02 

4 , 0631-02 

2 , 4441-02 

792.00 

l.OTlf +01 

8 . 49 Jt, 0 l 

1 , 7641+01 

7 . 759 E -02 

4 + 191 E -02 

3 . 1001-02 

852,00 . 

7 , 3711*00 

I.O 49 E +02 

2 . 229 E +01 

1 . 060 E -01 

4 , 18 «F -02 

3 . 992 t -02 

912.00 

1 . 312 E +00 

1 , 2061+02 

2 . 7201+01 

l, 3 l 3 E- 6 l 

3 . 7051*02 

4 . 6511-02 

972.00 

7 . 303 E +00 

1 , 4431*02 

3 , 4761*01 

1 . 717 E -01 

2 . 9731-02 

5 . 7001-02 

1032,00 

2 , 0 fi 9 E +01 

1 , 6771+02 

4 . 3761+01 

2 » 155 fOI 

1 , 7971-02 

6 , 6791-02 

1092,00 

3 , 5811+01 

1 , 8171+02 

5 . 1621+01 

2 . 4681-01 

3 ,O 9 BE -03 

7 , 1061-02 

1152,00 

4 , 5691+01 

1 . 642 E +02 

5 . 0001+01 

2 . 176 F -01 

4 , 9601-03 

5 , 8731-02 

1212,00 

3 . 0 O 5 E +01 

9 , 4941*01 

2 . 7991+01 

6 . 796 E -02 

1 . 4001-02 

2 . 220 E -02 

1272,00 

3 . 8901+01 

3 , 7631+01 

2. 5081 + 0 1 

2 . 859 E -01 

9 , 1471-02 

3 . 7591-02 

1332.00 

4, 4291 + 02 

5 . 739 E +02 

2 . 6671+02 

1 .. 8601*00 

5 . 3791-01 

2 , 3211-01 

1392.00 

5 . 3201+02 

5 . 1261+02 

2 . 671 E +02 

1 . 6681*00 

5 , 3341-01 

2 , 1741-01 

1432.00 

5 , 3861+02 

4 , 2301+02 

2 . 4551+02 

1 . 733 E +00 

4 . 6771-01 

2 . 1361-01 

TIME 

U 

V 

w 

’ U 

V 



. 0.00 
312,00 

0 , 00 OE* 0 O 

0 . 0001*00 

O.OOOE*Oo 

O.OOOE+OO 

0 . 0001*00 

e,oooc*oo 

312,00 

7 . 2321*00 

1 . 872 E + 01 

1 , 0201 - 0 ; 

1 . 977 E -02 

6 . 779 C -03 

l.ai 6 E -03 

372.00 

1 . 1571+01 

3 » 014 E+ 0 l 

1 . 5 t 9 E-o; 

3 . 146 E -02 

1 . 0831-02 

2 , 3 « 3 t -03 

R 32.00 

1 . 3961+01 

3 , 8111+01 

9 , 4411 - 0 ; 

3 . 9361-02 

1 . 291 E -02 

3 , 0761-03 

492 , DO 

t .5761 + 01 

4 , 4551+01 

2 . 236 E +00 

4 . 568 E -02 

1 , 4181-02 

- 3 . 669 L -03 

552,00 

1 , 6761+01 

4 , 9 ugt *0 1 

3 . 0021+00 

5 . 05 UE -02 

l.ii < 141-02 

4 , 0161-03 

612.00 

1 . 7341+01 

5 , 3561*01 

5 , 6131+00 

5 . 4651-02 

1 , 4081-02 

4 .I 3 U -03 

672,00 

l, 8 l 2 F+ 0 i 

5 , 8321+01 

7 , 9701+00 

6 . 044 E -02 

4 . 3471-02 

3 , 9961-03 

732,00 

2 . 0801*01 

6 , 824 E +01 

l, 222 t* 0 l 

7 , 3231-02 

U 322 I -02 

5 , 5 '»U -03 

792,00 

2 . 4101*01 

8 , 1941*01 

1 , 6521+01 

9 . 264 E -02 

U 231 E -02 

1 , 6061-03 

652.00 

2 . 9031+01 

9 , 9681*01 

2 . 7761 + 0 ; 

1 . 2031-01 

1 . 0451-02 

1 ^ 3361-03 

912.00 

3 . 3741+01 

1 , 1271*02 

3 ,eo 9 t+oi 

1 , 4391-01 

0 . 0811-03 

5 , 3231-03 

972,00 

4.1 801*01 

1 .M 5 E + 02 

5 , 5081 * 0 ; 

1 . 6291-01 

4 , 4741-03 

1 . 2841-02 

1032.00 

5 . 2551*01 

1 . 4671+02 

7 , 8551+01 

2 . 2521-01 

1 , 7761-05 

2 , 5241-02 

1092,00 

6 . 3 Abl* 0 t 

1 . 4851+02 

l.OUlf +02 

2 . 546 E -01 

2 . 3641-03 

3 , 4061-02 

1152.00 

6 . 559 E .01 

1 .2001 + 02 

1 . 1331+02 

2 . 229 E -01 

9 , 1091-03 

5 , 2211-02 

1212.00 

3 , 919 E *01 

5 , 5951+01 

7 , 7831 + 0 ; 

7 ,o 9 ;t -02 

■ 1 , 6701-02 

«« 9 ; 81 - 0 S 

1272,00 

4 . 2781+01 

2 , 6951+01 

3 , 1651 + 0 ; 

2 , 6361-01 

3 . 69 o £-03 

1 , 0501-01 

1332,00 

4 . 6281+02 

3 . 2801+02 

S. 0581+02 

1 , 8461+00 

6 . 902 E -03 

6 , 2661-01 

1392,00 

5 . 596 F +02 

4 , 1311*02 

3 . 6481+02 

1 . 877 E +00 

1 . 0941-01 

6 , 0331-01 

1432.00 

5 . 576 E +02 

4 , 0741+02 

2 . 2941*02 

1 . 726 E +00 

1 . 357 E -01 

5 , 1051 -Ot 


ADDITIONAL STATE ESTIMATES aT 130,000 ft (10 TO NE) 

a.l 63 E -10 2 .HIE-C 9 1 . 026 E -08 2 . 233 E -02 


PLATFORM TILT ESTIMATE ALTITUDE VELOCITY 


R C D 


OtCOOl^OO O.OOOEtOO 
1 . 879 E -06 l,l 89 E -07 
2 . 861 E- 0 S U 90 YE -07 
l, 302£-08 2 ,l'» 3 E -07 
3 ,l 6 <Jt »08 2 ,«*Ji £«07 
2 .« 6 <>i -08 2 . 682 E -07 
l, 33 Rt -08 248 « 0£-07 
1 . 033 E -08 5 . 276 E -07 
8 , 3 : 3 E"C 6 S,fll 7 E «07 
2 , 015 t -07 7 ,G? 7 t-C 7 
3 . 657 E -07 I. 12 SE -06 
«, 761 t -07 l,J 4 iE -06 
6 ,fclRt -07 1 . 734 E -06 
6 . 266 E -07 •Z.OflTE-Ot 
8 . 912 t -07 2 ,lR 9 E -06 
6 , 5 b 3 t “07 l.bSeE-Ob 
1 . 136 E -07 5 . 302 E -07 
5 . 390 t -07 3 , 8 « 6 E -06 
1 . 590 E -06 l, 87 j£-e 5 
I . 536 E -06 I , 613 E "05 
2 ,« 79 t -06 l,A 2 lE -05 

V w 


RATE ERROR MAC ERROR . 


0 « 00 CE *00 0 «COOE »00 
2 , 998 E -03 7 , 08 bE -03 
«, 9 lbE -03 1 . 092 E -02 
5 . 9 U 1 L -03 1 . 304 E -02 
A, 261 E -03 1 , 426 E -02 
5 .B 97 E -03 l,tt 50 E -02 
4 ,B 5 bt -03 1 . 413 E -02 
2 . 9 U 2 E -03 1 . 354 E -02 
i, 17 lE »03 1 . 334 E -02 
e, 939 E -03 1 , 250 E-C 2 
2 . 233 E -02 l.OBlE -02 
3 . 8 i 0 t-Cl 2 e, 65 lE -03 
fe, 633 E »02 ‘►. 59 U -03 
l, 043 E- 0 l 2 . 732 E -03 
U 424 E -01 3 . 67 UE -03 
i,«n£-Ol i, 020 E -02 
3 . 699 E -02 l, 7 l 7£-02 
2 . 492 E -01 l,Ml £-03 
I , 699 E »00 ft, 6 « 2 C -02 
l» 730 e *00 6 . 913 E -02 
1 . 6 O 4 E +00 7 ,b 90£-02 

gamma error psi error 


0 , 0 fl 0€+00 

S.815E-08 

»,19«E-08 

9,37bE-0S 

l,0«St-07 

l,l3bE-37 

I.226E-0/ 

I, 4Slt-07 
2.26HE-07 
3.A17E-07 
4.810E-07 

5, b23t-07 

6, b9‘iE-07 
7.338E-07 
7.332E-07 
6.033E-07 
3,7SU-07 

J, bieE -07 
l,22«E-07 
l,747£-0a 
3,B23E*07 

U . 


0. 000EtOO 
7,0'3«E-10 
1.021E-09 
7,203E-10 
R.732E-10 

1, «09£-D9 
5,«7bE-09 
«,23!»E"09 

2 . 50 DE-U 

« 42 «bE *10 

l, 33 iE- 0 e 

<I,97M£>0S 

a,» 07 E- 0 a 

l,A52E-07 

2.17ME-07 

3,O«Be-07 

R.0«9£-07 

5.55VE-07 

I,3dbE-0(> 

7 ,R 2 VE -07 

1.2S6E-07 


0 * 0001*00 
3,37bt-08 
A.633E-08 
5 , 5 5 Ot • 0 8 
7.009E-08 
8.862E-08 
I.M4E-07 
l,595t-07 
3 *lb«t *07 

bi 8 <j 9 t -07 
9.216E-0T 
U1B2L-06 
1 .bibf 06 
2.096E-06 
2.331E-08 
I ,7«6t-06 
2.135E-07 
3.846E-06 
l.Bb6E*0S 
t ,5«8E-05 
1.2bbt-05 


0. 000c*oo 

1 . 294 E- 0 T 

1 . 953 E -07 

2.343E-07 

2.b2eE-07 

2,785l-*07 

2.88BE-07 

5 . 2 UE -07 

«,5a7E-07 

8 , b 34 E -07 

8.835E-07 

9, b7lE-07 
1 .095E-06 
1.077E-06 
8.168E-07 
2.791E-07 
2.30RE-07 

1 , i«4iE"07 
I.6U4E-06 
4.710E-06 
«,800E-0b 


0«OOOE*00 

l, 209 E»O 7 

l,96fi£-07 

2*3eb£»07 

2,5b3E-07 

2. *»5bE-07 
2.070E-07 
1,2901-07 
S,UAE-0S 
«,neE-o7 

1 .07bt-06 
U92bE-06 

3, b£i9E-0b 
b 1 0 ObE-Ob 
B, 9 i^bb- 0 b 
9,828t-0b 
2.e6BE-0b 
2.22OE-0S 
1,7931-Oa 
2,306E-0a 
2,5a3E-04 


0 . 0001*00 
2,bb2E-06 
b, 2181-06 
b, 9701-06 
r,3«Ut-06 
b( 58 U£- 0 b 
5, 5301-06 

а, b8U-0b 
4.4191-06 
4. 4521-06 
4,7281-06 
4,7981-06 
5,3361-06 

б, 0541-06 
6,6561-06 
5.9251-06 
1,6361-06 
9,7581-06 
7,4511-05 
8,6681-Ob 
8,6601-05 




THE ANALYTIC SCIENCES CORPORATION 



CROUP 22 CROSSwINO AND HEAOW2MO 


TIME 

P08ZTION estimate 

ERRUR 

VELOCITT ESTIMATE 

ERROR 

PIATFORH tilt estimate . 

ALTITUDE 

VELOCITY 

R 

C 

D 

R 

C 

D 

R 

C 

D 

RATE ERROR 

MAS ERROR 

«*00 

312,09 

i.oooE-ie 

t»OOOE*10 

i.oeee*io 

1.000E*t0 

1 «000E*10 

i«oeoE»io 

t«000£-lO 

l.OOOE-10 

i,oooc-to 

l.OOOE-10 

l.OOOE’IO 

312.00 

1.573E-06 

2.330E*06 

3.585E-07 

8,0tt9e*ie 

2.718E-0? 

e,629E»10 

S.OOOE-10 

i.eooE-io 

i.oooc-io 

«,8o9E-lO 

1 .003E-09 

3T2.00 

fl.073E«01 

7,066E*01 

l.2B3£t0l 

2.798E-C2 

7.999E-e2 

2.579E-02 

2.185E-07 

9,091E*08 

-5.530E-07 

1 .U65E-02 

3, 17CE-02 

032.00 

3,72ee*oi 

8,076E*01 

1.O08F. + 01 

3.552E-02 

7.99SE-02 

2.7B2E-02 

2.239E-07 

8.729E-08 

6.100E-07 

1 .90CE-O2 

3.222E-02 

092.00 

3.1Ci8E»01 

7,787E+01 

l.tt03E+Ol 

9.020E-02 

7.I09E-02 

2.6B6E-02 

2.501E-07 

6.617E-C6 

6,«60E-07 

I.27U-02 

2,6b0£-02 

552.00 

2,6ufcE*ei 

7,63«t*0I 

l,ttl6E*0t 

9,S57C-C2 

6.375E-02 

2.626E-02 

3.283E-07 

1 . 105E-07 

7.543E-07 

1 .090E-02 

2.509E-02 

612,00 

2,292Et0l 

7.718E401 

1.967E+01 

5.27SE-02 

5.81U-02 

2.725E-02 

9.913E-07 

2,2B0E-O7 

9,399£«07 

8.309E-03 

2.175E-02 

672.00 

2,096E»0l 

6.66UEA01 

l«66BE*0l 

6,6B2£-02 

5.838E-02 

3,l76t-02 

5.579E-07 

3,9fe2£-07 

1,181C*06 

8.166E-03 

2.UbE-02 

732,00 

l,7«8E*0l 

9.27?E*01 

l,«32E+0l 

8,0n£-02 

1.009E-01 

5,«09E-02 

5.529E-02 

6.990E-07 

B.890E-07 • 

1 .392E-06 

1 ,287t-02 

1.867E-02 

792.00 

l,a69ETei 

1.018E*02 

2.052E+01 

9.959E-02 

a.!0U''O2 

7,967E*07 

6.793E-07 

1 .709E-06 

2.376E-02 

1 .697E-02 

052,00 

1.167E»01 

1 . lSlEt02 

2.383E*0l 

l,297£»0l 

a.fiOlE-02 

«,937E-02 

S.517E-07 

8.9i|ot*07 

2.122E-06 

9.U5E-02 

l,b33E-02 

912.00 

B.036E+00 

l.31lE*02 

2,e69£t0l 

l,668£-0l 

3.6ee£.Q2 

5.917E-02 

9.239E-07 

1,1!3E*06 

2.557E-06 

6.776E-C2 

1 ,63S£-C2 

972.00 

8.951E+00 

1.«9iE*02 

3.551E*01 

2.122E-01 

2,605E-02- 

7,00lfc-02 

9.60VE-07 

1.326E-06 

3.021E-06 

1 .039E-01 

1.953E-02 

1032.00 

1 .073E + 01 

l,655E*02 

9.377E+01 

2.602t-01 

1.979E-02 

T.932E-02 

9.370E-07 

1 ,975fc-06 

3,9l3E-06 

1.999E-01 

2.320E-02 

1092.00 

3.6?eE»oi 

1 ,85uE*02 

S.97UE401 

3.228E-01 

3, 130E-02 • 

9.0l3E»02 

9.003E-07 

1 .616E-06 

3.922E-06 

2.132E-01 

2.590E-02 

1152.00 

S.730E*01 

1,937E*02 

6.383Et0l 

3.699E-01 

S.32SE»02 

9.329E-02 

7.892E-07 

l,5ei£-06 

«,168£-06 

2.792E-01 

2.277E-02 

1212.00 

8,256E*£i1 

2,eOlE*02 

7,323E*0i 

9,2Ufc-01 

8,027Ew02 

9,3B0E~02 

6.762E-07 

1 ,ab6E-06 

9,«l8E-06 

3.933E-01 

l,607E-02 

1272.00 

1.O90E+O2 

2.003£*02 

8.078E*Ol 

9.660E-01 

1.078E-01 

8.951E-02 

5.779E-07 

1.27UE-06 

9 , SfcbE'OB 

9.092E-01 

2.683E-02 

1332.00 

1.U30E+02 

2,057E*02 

8.09iE*Oi 

5.989E-01 

1.516E-01 

7.B2U-02 

5.396E.07 

1.019E-06 

5.096E-06 

9.9J8E-01 

3.977C-02 

1392,00 

I.912E+02 

2.190EA02 

1,001E*02 

6.930E-01 

1.660E«01 

7,«57E-02 

6.215E-07 

1 ,226£-06 

5.239E-06 

5.771E-01 

7,8c9E-02 

1932.00 

2.19«Ef02 

2tl02£*02 

l.035EtO2 

6 ,e 20 E »01 

2.01BE-01 

7.237E-02 

7.089E-07 

1 .660L-06 

S,C20E-06 

6, 185E-01 

1.119E-01 

TIME 

U 

V 

M 

u 

V 

M 

U 

v' 

W 

camma error 

PSI ERROR 

0,00 

312.00 

l.OOOE-tO 

l.OOOE-lO 

i.oooc-io 

1.000E*10 

i,oooe-to 

i.oooe -10 

t.OO0E«10 

l,0O0E-lO 

I.OOOE-IO 

3,835E-15 

3,855E-1S 

312,00 

1.021E-06 

2.690E»06 

5.652E-09 

2.79iiE*69 

9.6UE-19 

2.301E-10 

I.OOOE-iO 

I.OOOE-IO 

l.OOOE-10 

1.902E-19 

3.758E-13 

372,00 

3,2T5e*01 

7,9ti5e*01 

l.55lt*00 

6,2b«E-02 

3.097E-02- 

6,«75E-03 ' 

2.2S7E-08 

1, 160E-07 

5,89Ci£>.07 

5.773E-07 

l,372£-05 

932.00 

3.9UE + 01 

«,327E*0l 

3.958E *00 

8.567E-02 

3.19UE-02 

6.B69E-03 

a,069£«08 

l,315t-0T 

6,9096-07 

5.853E-07 

1.529E-05 

992,00 

3.1l6Etoi 

7,89o£*01 

5.395E*00 

8.C7BE-02 

2,B97E-02 

6,90BE-C3 

5.715E-08 

2.037E-07 

6.630E-07 

5, 103E-07 

1 .307E-05 

552.00 

2.fl62E»0l 

T.655E+01 

7.952E*00 

T,e5t,t-02 

2.500E-02 

5,6B2t-03. 

7.322C-08 

5.S55L-07 

7,96iiE-07 

9,2fc9E-07 

1.031E-05 

612.00 

2.673E+01 

7,673E^01 

9,77oE*00 

8.0C9E-02 

2.167E-02 

5.360E-03 

8.901E-08 

5.7B2E-07 

fl,894£-07 

3,9a5E-07 

8,C90E-0b 

672,00 

2,S57Et0l 

8,509E*01 

1.395E+01 

9.193E-02' 

2.106E-O2 

5.1B5E-03 

9.277E-08 

fl,lME-07 

1,077E*06 

3.5l2E*07 

7.103E-06 

732.00 

2.690E*0l 

9,029Et0l 

1.673E*0t 

t.OllE-ot 

1 .659E-02 

5.297E-01 

9,829E“0« 

1 .057E-06 

l,210E“06 

5,690fc«07 

6,065E-0b 

792,00 

2,9UE*0l 

9,eSl£*01 

2. 190E*01 

l,179E*01 

l,63ir-02 

6.839E-03 

I.I32E-07 

1.39UE-06 

1.906E-06 

1.087E-06 

5.578E-06 

5,990E-0b 

852.00 

3.n6£*or 

t,t09£*02 

2.8l6E*0l 

l.BBaE-oi 

l,52ir«02 

1.0B7E-02 

1.32XE-07 

l,82«t-06 

1.638E-06 

1.992E-06 

912.00 

3.«8oE*0l 

1 .2u3£*02 

3.792E*0i 

1.790E-01 

1 .698E-02 

1.779E-02 

1.527E-07 

2.297t-06 

1.825E-06 

3.386E-06 

5,b67£-06 

972.00 

9.109Etoi 

1 .390t*02 

5.066E*0l 

2.223E-01 

2«926£-02 

2.S33E*02 

1.79BE-07 

2.833E-06 

1.956E-06 

5,5l7t-06 

6.138E-0b 

1032.00 

5.0l9E*0l 

1 ,99flE*.02 

6.865E*0l 

2.663£-01 

2.901f-O2 

li,250E-02 

2.129E-07 

3.3U6E-06 

I,661E-06 

8.57SE-06 

6,073E-Ob 

1092.00 

6,U96E*0t 

1,596E*02 

9.9U7E*0l 

3.29BE-01 

2.675E-02 

6.3B9fc-02 

2,576E-07 

3.990E-06 

1.681E-06 

1 .396E-09 

8,367E-0b 

1152.00 

«.127E*01 

1 .S45E + 02 

I.l99£t02 

5,7«7E-01 

2.919E-02 

8.590E-02 

5,119E-07 

9,392t-06 

1.290E-06 

1.993E-05 

1 ,0076-05 

1212.00 

1.029E+02 

1.91SE«02 

I.U7U£*02 

9.239t-01 

1 .907C-02 

liUBE-Ol 

3.70JE-07 

U., 626£*06 

7.b69E-07 

2.763E-05 

l,27lE-05 

1272,00 

1 .260E*02 

1 , 1 70£*02 

1.707£*02 

9.665E-01 

2.387E-02 

I.365E-01 

9.29JE-07 

a,7l8£»06 

6.017E-07 

3.871E-0S 

l,615E-0S 

1332.00 

1 ,568Et02 

1 ,316E*02 

1 ,696E*02 

5.9S7E«01 

3.65BE-02 

l,769fc-0l 

6.159E-07 

S,009£-06 

1 . 359E-06 

5.560E-05 

2.297E-05 

1392.00 

2,022E*02 

1.861E+02 

l,299E*02 

6.387E.01 

B.728E-02 

1<9bBE«01 

6.9UE-07 

4.977E-06 

2.960E-06 

8,0e9E-05 

3.015E-05 

1932.00 

2.20SE*02 

2.0B9E«02 

8.605E+01 

6.7B1E-01 

1.328E-01 

r,B32E-01 

7,bl3E-07 

3.609E»06 

3|B61E*06 

1.OO9E-04 

3,239E*05 

ADDITIDMAL STATE ESTIMATES AT 

130,000 ft 

(10 TO MF) 
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GROUP 21 DRAG COEPMCI 2 NT VARTATIOKl (MULTIPLY HY 0 . 25 ) 


, POSITION ESTIMATE ERROR 

time r c d 


0«00 

512.00 

312.00 

372.00 

032. 00 

092.00 

552.00 

fcJ2.00 

672.00 

732.00 

792.00 

652.00 

912.00 

972.00 

1032.00 

1092.00 

1152.00 

1212.00 

1272.00 

1332.00 

1392.00 
1U32.00 


l«0O0E*lO 

2.257E+03 

2.2flOE403 

2.0I0E403 

l.e26C*03 

1.6U9E+C3 

I,A67e+03 

1.275£*03 

1.066E«03 

S.«4|£t02 

6.066E402 

3.625E*02 

1 ,679E*02 

5,«50C*02 

6,956£*02 

1.0«7E*03 

1,<j77£*03 

1 , 832r*03 

2,29CEtol 

2,532E*03 

2.6832*03 


1 .OOOE-10 

3.3<i2£*03 

3.675£*03 

3.665E*03 

3,719C*03 

3 ,ane*o 3 

3,92je»03 

«,06«E*03 

«.183£*03 

«,306E*03 

«,«3-5£*03 

0.565£*03 

a.689£403 

«,797E*03 

«,653E*03 

«.818E*03 

«,672£*03 

O.il29£*03 

R,272£*0S 

3,90l£*03 

3.6&4E*03 


i.oeoE-te 

s.i<i 2£*02 

6.07oe*02 

6,«67E*02 

6,993E*oj 

7,61‘>E*02 
«,302E*02 
9.07o£»02 
9,825E*02 
1,059£*03 
1.137E*03 
1.220E+03 
1,3105*03 
l.«09E*03 
1 .51 0€*05 
I .S9flE*03 
l,655E*03 

1 ,666£f03 

1.712E+03 

1.601E+03 

1,600E«03 


TIME 

U . 

0.00 


312.00 

1 .OOOE-1 0 

312,00 

1,9656*03 

372,00 

1,«8SE*0J 

432.00 

1.3286*05 

492,00 

l,22bf*03 

552,00 

1.1506*03 

812,00 

■1,099E*03 

872,00 

1,066E*0J 

732, O'© 

1,9406*03 

792,08 

1 . 0306*83 

852,00 

1.0916*03 

912.00 

1.0796*03 

972.00 

1.1516*03 

1032,00 

1 ,279E*03 

1092,00 

1.4526*03 

1152,00 

1.6776*03 

1212,00 

1,927E*03 

1272,00 

2,1736*03 

1332,00 

2.5606*03 

1392,00 

2.7176*03 

1432.00 

2.8206*03 


V N 


I.OOOE-IO 1.000E*lo 
S.792E*03 »,18SE*00 
«.092C*03 3.118E+01 
tt.01SE*03 6.95ti£*oi 
fl,0l7E*03 1.263E*02 
«.057£*03 l,997C*02 
a.ll6E*03 2«83or*02 
«,205E*03 3.83ttE*02 
R,275E*03 a.966E*02 
fl«3<iR£*03 6jUej5*02 
«.«2U*03 «,270E*02 
fl,oe8E*03 t,O75E*0l 
R,519E*03 l.«0«E*D3 
a,il75£*03 1,861E*03 
«,29aE*03 2.U03E+03 
5.9i7E*03 2.9656*03 
3,3216*03 3.965E*03 
2,5386*03 3.820E+03 
2,6S8E*03 3.5796*03 
3.2866*03 2.9766*03 
3.5596*03 1.6506*03 


VEtOCITY ESTIMATE ERROR 
C D 


PLATEORH TILT ESTIMATE 

R C 


I.OOOE-IO 

2,<l09e.O5 


R 


t*0«0E*16 

1.1956*00 

1.6236*00 

1 ,9566*00 

2,292E*00 

2.6276*00 

2,9596*00 

3,3026*00 

3,633E*00 

3,9806*00 

9,3776*00 

9.8376*00 

5,3556*00 

5,9506*00 

6,5776*00 

7.1256*00 

7,5086*00 

7,681E*00 

«.953E*00 

8 , 169£*00 

7,9926+00 

U 


l.OOOE-te 
3,8966*00 
3.9766*00 
3.6996*00 
3.3766*00 
3,i2ie*oo 
2.8666*00 
2.0176*00 
2.331E*00 
2.0276*00. 
1.7016*00 
1,3996*00 
9.77«C-01 
6,5l«E*Ol 
5.3056-01 
e,276E-0l 
t.25cr*00 
1 .6366*00 
2,1976*00 
2.319E*00 
2.3806*00 

V 


l,0OOE«ie 

1.2296*00 

1,3486*00 

1,3366*00 

1,3386*00 

1.3466*00 

1,3596*00 

1«37U*00 

1.3786*00 

1,3936*80 

1.0256*00 

1,4776*00 

1.5596+00 

1,6096*00 

1,6566*00 

1,6416*00 

1.5436*00 

1,3716*00 

1,2286*00 

1.0666*00 

1,0256*00 


1, 0006-10 
1,1786-05 
1,1026-05 
9,«lbf*06 
8.3856*06 
8,1166-06 
9,785£.£|6 
9,74«£<.06 
1,0786-05 
1,2246-05 

1,379F-0S 

1,4966-05 

1.5476-05 

1,5376-05 

1.4416-05 

1.266E-05 

1,0586-CS 

8.8516-06 ' 

8.5866-06 

1,0006-05 

U103E-OS 

U 


1,0006-10 

3,8056-06 

3.493E-06 

2,8756-06 

2.9236-06 

2.62OE-06 

4,0096-06 

5.729E-06 

7,9B6t-06 

1,0936-05 

1.931E-0S. 

l,789fc-0S 

2.106E-05 

2.39JE-05 

2,550E-OS 

2.5156-05 

2.273E-05 

1,9176-05 

1.679E-05 

2.025E-05 

2,5566-05 

V 


2. 2526-05 
1,9196-05 
1,7176-05 
1.660E-05 
1.7616-05 
i ,90aE-Ob 
2.299E-05 
2.712E-05 
3.319E-05 
9,0l7t-05 
9,6966-05 
5.9096-05 
6,0tfl£-05 
6,«3feE-05 
6.606E-05 
6.5396-05 
7.0856-05 
6.1576-05 
5.5996-03 

M 


ALTITUDE 
RATE ERROR 


1,0006-10 

6,7u7E-01 

7.319E-01 

6.795E-01 

6,1226-01 

S.289E-01 

4.2626-01 

3,1206-01 

2.930E-01 

3,7776-01 

7.O06E-O1 

1.1986*00 

l,ea 2 £* 00 - 

2,6976+00 

3,7i2E*00 

9.779E+00 

5,7526*00 

6,505E*00 

7.3916*00 

7,1306*00 

7.0996*00 

gamma ERKOR 


1. 0006-10 
9. 0096*00 
9, 2796*00 
4,1686*00 
4,1956*00 
4,1766*00 
4.292E+00 
4,359E*00 
4.9806*00 
4,6986*00 
9,8056*60 
.5,219E*oo 
5, 6306*00 
6.t51E*00 
6,7196*00 
7,2156*00 
7. 5596*00 
7,6866*00 
8,4126*00 
8,1226*00 
T,95te*eo 


l«O00.E-10 
1 .3716*00 
1 .560E + 00 
1,2076*00 
1,6776*00 

4.579E-0J 

8,9276-01 

7.3946*01 

6.2«te*fll 

5.0926-Ot 

4.04JE-01 

3,359E*0i 

3,3506-91 

3.6786-01 

4,3186-01 

4.0806-01 

3.23ir-01 

3.5256-01 

4.919E-01 

1.1046*00 

1.5896*00 


l.O-OOE-10 

2,9726-01 

3,1686-01 

3,1936-01 

3,lA9b-0l 

3«166E-01 

3,S03E-0t 

2,973E-0r 

2*7816-91 

2,5276-01 

2,4716-01 

3,0096-01 

4.397E-01 

6,7796-01 

1,0086*00 

1,3886*00 

l.,779E*00 

2,0876*00 

2,8056*00 

2,4806*00 

2*202E*00 


1,OOOE«10 

1,4256-07 

8,9056-07 

l,414£-06 

l,630£-08 

2,15bE-06 

.2,4016*06 

2,4446-06 

2,4926.08 

2,8006-06 

2,7466-06 

2,9686-06 

3,3116-06 

3,8996-06 

4,5636-06 

5,4056-06 

6,2676-06 

7,0296-06 

9,1386-06 

1,0316-05 

1.109E-05 


1*0006-10 

7,0396-06 

8,5526-06 

5,7496-06 

5,5966-06 

6,6766-06 

9,5376-06 

1.276E-05 

I , 8o3t-0S 
2.2036*05 
2,6666-05 

J, 637E-0S 
9,4936-05 
5,3926-05 
8.1726-05 
6,7976-OS 
8,9996-05 
6,7656-05 
7,0616-05 
5,4796-05 
4,3956-05 


1,0006-10 
2 , 6 1 b£-05 
2,4996-05 
2.0796-05 
l,03St-O5 
1,7306-05 
1,7716-05 
1,0786-05 

2.0076- 05 
2,2bSE-0S 
2,5016-ca 
2,0746-05 

3. 0076- 05 
2.9316-05 
2,5406-05 
1,0016-OS 
1 ,1496-05 
9,7U6E-06 
1.796E-05 
3.955E-05 
4.2946-05 


3.835E-1S 
2,6726-05 
2.8796-05 
2,8056-05 
2,45flE-05 
2, USE-05 
1.700E-O5 
1.3436-05 
1,0776-05 
1,7276-05 
3,3736-05 
5.983E-03 
9,7736-05 
1,5476-04 
2.343E-04 
3.385E-04 
9,8636-04 
6. 159E-04 
6,3596-04 
9.993E-04 
1,1406-03 


ADOITIONaL state estimates at 130,000 ft (10 TO NP> 

8.004E-08 4.338E-08 tt,l0lE*0T l,409t-01 


VELOCITY 

MAC eRPQR 


li00OE-10 

1,4326*00 

1,3976+00 

1.221E+00 

1 .oeu£«co 

9,6276-01 

0.47U-O1 

7,449£-0i 

8,30bE-0l 
5,1776-01 
4, 1526-01 
3,««U'-01 
3,3lJE-0l 
3.739E-01 
4,0686-01 
3.812E-01 
2,99d£-0l 
3,9156-01 
9,917£-C1 
1,001E*00 
1.3626*00 

P8I ERROR 


3.835E-1S 
5,3906-04 
7, 098E-04 
7,3u8E-04 
8,5fi6£-09 
5,3336-04 
4,1996-04 
3.2526-04 
2,5086-04 
2,1276-04 
I,ei0£-O4 
l,b29£-09 
1 .53bE-04 
1, 5506.^09 
1,6716-04 
1 ,9026-04 
2,2376-04 
2,6616-04 
3,5336-04 
3,9526-09 
4,0256-04 
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APPENDIX G 

SYSTEM E error CONTRIBUTION 
" time fflSTORIES 


This appendix presents the time histories associated with the 
error budget results summarized in Section 5.2. The data is presented in 
tabular form with each table indicating the rms errors in position and 
velocity, and the rms value of the platform alignment estimates, in both 
the R (runway)* and V (relative velocity) coordinate frames (see Appendix 
A), which result from a specific error source or group of errors. The 
rms errors in altitude, velocity magnitude, flight path angle (y), and 
track angle (*/)) are also presented. 

The time points in each table correspond to every minute be- 
tween the end of radio blackout and MLS acquisition, and to a shorter 
time interval thereafter. Time points are also included just before and 
after each external navigation aid is activated. Thus there are two rows 
of data for each of the following times (see Table 2.2-1); 


"^TACAN " 

TgA = 1550 sec 

*^TWT 9 ~ 1836 S6C 
C ■ >B4e see 
TpA ” 1943.5 sec 


runway coordinate printout is (Vertical Cross- 
in AppeSx ^ Downrange, Crossrange) 


G-1 
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A single row of each table corresponds to the initiation of the final ap- 
proach and landing sequence at an altitude of 12,000 ft: 

= 1872 sec 

The magnitudes and mathematical description of the error sources are 
given in Chapter 3. Units are In feet, feet/sec, radians, and radians/sec . 
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6.5656-0! 

5.3326-01 

1 . 0966*00 

6,2476-01 

7,8116-01 

9,9086-01 

1.2776*00 

1 ,309£*00 

1 ,004£*00 

8.8256- 01 

6.8256- 01 
9,1626-01 
9,5226-01 
9.903C-01 


8*9716-07 

7.849E-0J 

**669C90i} 

4.5326-01 

3.1626-01 

1.7516-01 

1.9896-01 

1.9966-01 

1.6A3E-01 

1.3076-01 

1.0356-0] 

8,5686-0? 

1 .3126-01 
1.3126-01 
2,5446-01 
3 , 8 l 46 - 0 1 
5.1016-01 


VELOCITY estimate EWOR 
* 0 • C 


l.OflSE-06 
1.807e-0i 
S. 4226 . 0 J 
2.8416-01 
8.8036-0? 
1.9976-01, 
1,7966-01 
1.6096-fli 
1.4406-01 
1 ,2666-01 
l,0'80F-0l 
8,9956-02 
U3336-01 
1.3346-01 
2.5646-01 
5.8326-0] 
5.1196-01 


4*0046-09 

1,4026-02 
4*7476-01 
4.2316-01 
1*7256-01 
1.0546-01 
t. 1666-01 
1. 2576-01 
1.3526-01 

l.asTt-ei 

1,5726-01 
1,7026-01 
1.8316-01 
1 . 8956-01 
1.0276-01 
3.2356-02 
9,0686-05 

U 


7*1742-09 

2.3606-04 

fl.iSJE-02 
3. 0906-02 
3,5626-02 
2,9076-02 
3*6286-02 
4*0336-02 
4. 3756-02 
4,6006-02 
4,9506-02 
S.2Q06-02 
5.4596-02 
5.4586-02 
5.4976-02 
5.5316-02 
S. 5556-02 


4.037E-09 

!,400E-02 

«if5ZS»01‘ 

4.231E-01 

1.7246-01 

1.0536-01 

1,1666-01 

142566-01 

1.3526-01 

1.4576-01 

1.572E-01 

1,7026-01 

1.8316-01 

1.8956-01 

1,0276-01 

3,2356-02 

9,0716-03 


1.4226-eO 

l,2aeE-C2 

9,819E*0« 

7.2366-02 

3,8266-02 

3.0626-02 

3,5996-02 

3*8726-02 

4.2696-02 

4,6926-02 

5.0926-02 

5.2996-02 

5,5246-02 

5*5246-02 
5,5426-02 
5. 5596-02 
5.577E-02 


8.743E-09 

«.813&**93 

1.3e<E»ot 

2.2456-02 
6,9026-03 
S. 4466-02 
2,6756-02 
4.0556-02 
5.4296-02 
6‘.904t-02 
8,8286*02 
1.0936-01 
1.2636-01 
1.263E-0I 
1.2756-01 
1.2676-01 
1.2986-01 


PLAT60HM TILT ESTIMATE 

R 0 


ALTITUDE 
RATE ERROR 


VELOCITY 
MAC ERROR 


1,4026-06 

i,33«E-92 

1.5666-01 

fr*9i6E-02 

1*4346-02 

1.6156-02 

2,5966-02 

3.8706-02 

5*3276-02 

6.901E-02 

8.8696-02 

1,0976-01 

1.2666- Ot 

1. 2666- 01 
1,2776-01 
1.2886-01 
1.2996-01 


l.OOOE-tO 
6,5526-08 
2,4006-05 
2.5456-05 
•1.5056-05 
l.8fl«6-0S 
1,8856-05’ 
1 ,8866-05 
1.8676-05 

1, 6866-os 
1,8896-05 
l,«90t-OS 

1.8916- 05 

1.8916- 05 

1.8916- 05 
1,8916-05 
1,8916-05 

U 


1*0006-10 

1. 7726-06 

1*7916-05 

2,8486-05 

2.3166-05 

5.9636-05 

3.9626-05 

3,9616-05 

3, 9006-05 

3,9606-05 

3,9576-05 

3,9566-05 

3.955E-05 

3,9556-05 

3.955t-05 

3,9556-05 

3,9556-05 


J*«9oe*ie 

T.J9IE«e8 

2*41}£-0$ 

2.5596-05 

l.51«6-05 

1.9006- 05 

1.9006- 05 

1.9006- 05 
1.9016-05 
1.9016-05 

1.9016- 05 

1.9016- 05 

1.9026- 05 
1.902E-05 

1.9026- 05 

1.9026- 05 

1.9026- 05 


1*0086-10’ 
8.9616-07. 
1.439E-06 
1,1576-05 
1.9776-05 
3.7776-05 
3,995t-05 
4.0276-05 
3.9976-05 
• 3,9e0E-05 
3,9436-05 
3,9436-05 
3.9476-05 
•3,9476-05 
3,9ft7£..05 
3.9486-05 
3.940E-O5 


1.0006-10 

2.5596-07 

1,9736-05 

9.U2E-06 

4. 1546. Oft 

1.3696-05 

1.3716-05 

1.3736-05 

1,3756-05 

1.377E-0S 

1,3796-05 

1.3016-05 

1,3836-05 

1.303E-O5 

1.383E-05 

I.3b3£-0S 

1,3846-05 


4,0446-09 

1.4026-02 

4.7506-01 

9.2316-01 

1.7206-01 

1.0536-01 

1.1666-Ql 

1.2566-01 . 

1.3s2£-oi 

1.4576-01 

1.5726-0$ 

1 . 7026-01 
1.6316-01 
1.8956-01 
1.0276-01 
3.2356-02 
9.0766-03 


1.324E-08. 

1,6296-02 

4*ftOOE-02 

7,0876-02 

4,0256-02 

2.5036-02 

2.4776-02 

2,6956-02 

2,9006-02 

3,0966-0? 

2,3266-02 

4.32ft£-02 

5,1646-02 

5,15aE-02 

5,3956-02 

5,52o£-02 

5,5ft9£-C2 


CAMM* ERROH P31 ERROR 


l.OOoE-18 
1,5506-06 
2.436E-05 
2,7446-05 
1.2656-05 
1.0O3E-O5 
1,2496-05 
1.1406-05 
1 .2436-05 
1.3566-05 

1.4036- 05 

1.4036- 05 

1,3916-05 

I .3916-05 
1,3906-05 
1,3896-05 
1,3896-05 


I.0706-U 

l,5l3t-05 

8.0446-04 

7,1006-04 

2,9906*04 

1.6J96-04 

2,05e£-0« 

2,2846-04 

2.5506-04 

2.8ubE-04 

3.2946-04 

4.3d46-04 

5,8516-04 

6.0556-04 

3.5776-04 

1.1036-04 

3.25U-05 


1*1556-11 

8,2276-Oft 

2.3046-04 

3,9806-05 

1.2956-05 

2,7396-05 

5.0496-05 

7,8986-05 

1,0946-04 

1.4376-04 

l*84?6-04 

2,7766-04 

9.0146- 04 

9.0146- 04 

4 , 1«1 6-04 ■ 

9.3156-04 

9*4136-04 


f 
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CROUP 1 MLS DME MEASUREMENT NOISE 


) 


POSITION eSTlMATE EKROP veLOCITY ESTIMATE ERROR PLATFORH TILT ESTIMATE ALTITUDE VELOCITY 

" DC R DC R 0 C RATE ERROR MAC ERROR 

l« 32 . 0 D 

ittSE.eo • 

IRRO.OO 

1550.00 

1530.00 

1610.00 

1670.00 

1730.00 

1790.00 

1836.00 

1836.00 


1806.00 

!.'08«E»tO 

i.oooE-ie 

1.000E*10 

i,oeoE-io 

I.OOOE-IO 

1»OOOE-1D 

1.000E<^IO 

i,ooot-ie 

'l ,O00E-l0 

1 .OOOE-IO 

I.OOOE'IO 

1846.00 

5,8ieF*oe 

1.546E601 

l,767E*00 

a,286E-02 

1.176E-01 

9.9«2E«02 

1.742E-06 

1.15OE-0S 

1 .307E-05 

4.325E-02 

1.992E-02 

1860,00 

3,018E«00 

8«aoeE*oo 

5,509E-0t 

2.556E-01 

6.620E-91 

7«8«IE*02 

7,«24E«06 

1 ,029t-05 

1 .54OE-04 

2.5fll£-01 

6.7C6E-01 

187U.00 

«.069£*oo 

I,l92£.t01 

2.662F-01 

1.613E-01 

fl.035F-<H 

S,78BE-02 

2.712E-0S 

2.118E-05 

1 .070E-04 

1 ,6?6£-0l 

4,3«1E»01 

loau.oo 

3.948£»80 

1.P07E+01 

2.576E-01 

1.515E-01 

5,1T2E-<H 

8.07SE-02 

2.7KE-0S 

2,123t-05 

1 ,070t-OU 

l,S?uE*01 

3,47eE-0l 

1890,00 

3.665E*00 

1 .212E+01 

I.962C-01 

1.514E-01 

2.570F-01 

9,8lOE*02 

2.708E-05 

2.120E-O5 

1 ,07oE-04 

l,5l9£-oi 

2.09CE-O1 

1904,00 

3,177C»00 

l«206E*Ot 

i.aoiE-oj 

1.543E-01 

2.014E-01 

1.153E-0I 

2.706E-05 

2,133t"05 

1.070E-04 

l,5o5E*0t 

2.400E-01 

1914.00 

2.293E*00 

1,164£*01 

1.97iE«0j 

1.596E-01 

1.493E-01 

l.SlBE-Ol 

2.704E-05 

2,138t-05 

l,070t-04 

1.596t-01 

lt9o7E-0I 

1920.00 

e,060E*01 

1 ,032E*01 

t .8 65E«0 1 

1.657E-01 

9.4I18E-02 

1,«90E-01 

2.T02E-05 

2,H2£-05 

1.07CE-04 

1 ,655t-01 

l,250E*0l 

1930.00 

3.293E-01 

9.785E*00 

1 .794E.01 

1.M9E-01 

7.253E-02 

1 .676E-01 

2.700E-0S 

2, 147E-05 

1,070E»04 

1.615E-01 

7,3llE-02 

1943.50 

9.816E-01 

9,28flE*00 

2.O90E-OI 

1.99UE-01 

«.«01f-02 

l,B27E-o: 

2,698E>05 

2. 152E-05 

1 .070E-04 

1.9S9E-01 

8.56CE-02 

1941,50 

2.102E-02 

9.2e0E*00 

2.092E-01 

2,237e-01 

8.799£-o2 

1.627t-0l 

2,699E-05 

2, 152t-05 

1.070E-04 

2.233E-01 

8.539E-02 

1940.50 

4.660E*02 

9.333E+00 

3.3SeE*0l 

1.221E-01 

9.058F-02 

I.B37E-01 

2.698E>0S 

2, 152E-0S 

1.070E-04 

l,2l6E-01 

O.929E-02 

1945,50 

2.667E-02 

9,386e+00 

S.040E-OJ 

3.909E-02 

9.322F-02 

1.647E-C1 

.2.698E-0S 

2, 153fc-05 

1.070E-04 

3.8O9E-02 

9.260E-C2 

1946,50 

2.15BE«02 

9,439£*oe 

6.799E-01 

1.223E-02 

9.579C-.02 

l,SS5t>01 

2.698E-05 

2.153E-05 

1.070E-04 

1.17U-02 

9,S56E-02 

TIME 

U 

V 

H 

U 

V 

N 

U 

V 

M 

CAKMA ERROR 

R3I ERROR 


1432.00 
1«32,00 

1490.00 

1550.00 

1550.00 . • 

1610.00 

1670.00 

1730.00 

1790.00 

1836.00 


)S36,09 


1846.00 

U080f*i« 

I.OOeE-10 

Looee>ie 

i.oooe-10’ 

1.C5DE-14 

l.flOOE-10 

i,«90£-10 

l,000t-10 

i.oooe -10 

1.677E-15 

1.772E-13 

1846,00 

5,684EfOO 

i.l28E^01 

1.069E+01 

fl,556E-02 

6.142E-OS 

t.fiSOE-01 

1.769E-06 

1.74CE-05 

4.157E-07 

6.S22E-05 

2.621E-04 

1860.00 ' 

3.0S2E600 

7,669E*00 

3,a60t*Oo 

2.582E-01 

6, 190E*0! 

2.447E-01 

7.410E-D6 

S,032t-OS 

1.323E-04 

2.026E'*05 

4.590E-C4 

1874.00 

4, 135C*oe 

1.181E401 

U507E*00 

l,627E»0l 

4.044F-8I 

4.639E-02 

2,7l5£-05 

3.435E-05 

1.036E-04 

6.0oOt-OS 

e,749£.05 

1864.00 

3.992E*oO 

l,205E*Ot 

4.132E-01 

1.525E-01 

3.144E-01 

6.923E-02 

2,7l«£-0!> 

l,763t-0S 

1.077E-04 

5.760E-O5 

l.bao£«04 

1894.00 

3.705F400 

1.208£*01 

e.soSE-oi 

l,520E-01 

2.511E-01 

l.ltSE-01 

2,712E-0S 

1.415E-05 

1.O02E-O4 

9.U5E-05 

2.172E-.0O 

1904.00 

3.21SF+00 

1 ,205£*01 

S.715E-01 

1.546E-01 

1.9T8F--01 

1 r2O9£«01 

2.710E-05 

l,759t-05 

I.OT7F.-0O' 

U356t-04 

2,43SE-6tt 

1910.00 

2,327E*00 

t,16l£*01 

2.466E-01 

1.597E-01 

1.485F-01 

1.326E-01 

2.709E-05 

2,O86t-05 

l,07lt-0u 

l,865t-0« 

2.759E-0Q 

1924,00 

8.332E-01 

1 ,032E*01 

1.362E-01 

1.656E-01 

9,il$8E«02 

i,499E*01 

2.707E-05 

2.229E-05 

;.066£-04 

2.901E-04 

3 , 1 06E> 04 

1934.00 

3,496E-fll 

9,785E*00 

1.276E-0J 

i,et6E-01 

7.202F-02 

1.681E-01 

2.705E*05 

2,226E-05 

I.O60E-O8 

4,589t-oa 

4.270E-04 

1943.50 

9.786F-01 

9.281E+00 

1.878E-01 

1 .969E-01 

8.783E-02 

1.833E*01 

2.704E-05 

2,169£-05 

1.069E-04 

6,3S0E-0a 

5,e26E-04 

1943,50 

6.303E-08 

9,28t£*00 

1 .878E-01 

2.233E-01 

8.783F-02 

1«633E>01 

2,70«E*05 

2,ia9t-05 

1.O69E-04 

7. 124E-04 

5.626E-04 

1944.50 

4.553C-02 

9.333EY00 

3.278E-01 

1.216E-01 

9.034E-02. 

1.841E-01 

2.703E-05 

2,iebE-05 

1 .069E-04 

3.9q3b.04 

6.009E«04 

1945,50 

1.993E-02 

9,S86E«00 

4.978E-01 

3.901E-02 

9.290E-02 

I.849E-0t 

2.703E-05 

2.183E-05 

l,069C-04 

1 ,326E-0'4 

6,20!E-C4 

1946.50 

7.959E-03 

9,440E*00 

6,760C"0l 

1.173E-02 

9.545E-02 

1.6S7E-01 

2,703F.fC!> 

2.182b>05 

1.069E-04 

4.172E-05 

6.3UE-04 
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Tt«e 

i«32.eo 

1052.00 

s«9e,oo 

1550.00 

1550.00 
1 * 10,00 
1*TO,00 

1730.00 
I79g,00 

1056.00 

1056.00 

1896.00 

. lB<i6,00 

1860.00 

1874.00 

isao.oo ' 

1894.00 

1904.00 
I9l«400 

1924.00 

1938.00 
1943,50 

1943.50 

1944.50 

1945.50 

1946.50 

TlMf 

1432.00 

1832.00 

1490.00 

1550.00 

1550.00 

1610.00 

1670.00 

1730.00 

1790.00 

1836.00 

1836.00 

1846.00 

1846.00 

1860.00 

1874.00 

1884.00 

1894.00 

1904.00 

1914.00 

1924.00 

1934.00 

1943.50 

1943.50 

1944.50 

1945.50 

1946.50 


CnOUP I BARO ALTIMETER MEASUREMENT NOISE 


POSITION EsriKATC ERROR 
R 0 C 


VCLOCm eSTlNATE ERROR 
R 0 C 


. RUTFORM tilt tSTlHATC 

Roc 


ALTITUDE VELOCITY 
RATE ERROR MAC ERROR 


t.oooc-ie i,ooec»io 
2,689c*00 5,'863E-01 
2.565£*0e .9.520E-01 
l,756f400 2^675E-01 
l,887£too 2.S12E-02 
1.712E+00 l,477£-0l 
3,552 F*oO 2.816E.01 
5,778f-02 2^758t-01 
1.464C-01 3,161E-01 
1.835E-02 3^725E-03 
6,175E-03 5,674£-03 
I.6|4 £-o 3 3^075t-03 
1.665E-03 2^688E-03 
1.469E-03 2.691E-03 
1.I20E-03 2^4776-03 
»,4!0E-(m 2^2l5E-03 
6.489E-04 J ^859£-03 
5.5S5E-04 ^6V2E»03 
1 ,903f -04 1 ,522£-0I 
4.004E-0& l,■5^^E-03 
1.67SE-04 1.777E-03 
7-.032E-05 2.321E-03 
E,575E-05 3,'009E-03 

U V 


1.000E*lo I.OOOE-IO 
6..1S5E-0I e,318£-05 
9.595E-01 9.333E-03 
1,001£*00 7,27flf03 
l,254E*Oo 7.600E-03 
3,547E-0l 8.307E-03 
i.l05E-0i l,4e8E>02 
5.470E-0? A.013E-03 
2.914E-0? 5,971E-03 
5.061E-03 4,093£»03 
9.979E-04 6,C6at;-04 
4.003E-04 3, 5236-04 
4.209E-04 4,199£-0« 
3,645C-04 4.692E-04 
3, nOE-04 5, 156E-04 
2.626E-08 5.693E-04 
2.174E-04 6. 3176-04 
!,769E-0a 7,2366-04 
5,7326-04 6,1966-04 
5,7286-04 8,3856-04 
1.6046-03 4,5536-04 
3.0566-03 1,4436-04 
4.3206-03 4,1656-05 

N y 


l.OOOE-tO l.OOOE-18 
3.982E-03 2.1116-03 
3,5«4E-(|3 H.522E-03 
2.0R4E-03 6,6756-03 
4.97IE-04 7,3786-03 
1.740E-03 1,4416-03 
3.3816-03 4.158E-03 
3.389E-03 3.9146-03 
3.1S6E-03 2.9806-03 
8.098E-04 6. 6036-04 
1.685E-04 9. 2486-05 
l«6S5E-0A 1,3456-04 
3.0256-04 2,S0U-0a 
3.9076-04 4,1116-04 
4.732E-04 5,5i07£-Oa 
$.510E«04 6,9766404 
6,4756-04 «,T75E-00 
7.4786-04 1,0776-03 
e,131E-04- 1.2386-03 
8,1316-04 1.2386-03 
8.248E-04 1,2496-03 
8.3636-04 1,2606-03 
8. 4726-04 1,2716-03 

V R 


t.ODOE-10 

5,5876-08 

4,7936-08 

9,8326-06 

6.6476- 08 
8,4066-06 
1.3UE-07 
8,8216-08 

1.6476- 07 
1,7046-07 
8,0116-08 
8,950t-06 
6.9556-08 
«, 9616-03 . 

e,966E-08 

8.971E-08 

8.9766-08 

6,9826-08 

8.987E-C8 

8,9876-08 

8.937E-08 

8.9686-08 

8,988£>08 

U . 


1. 0006-10 
1.4766-07 
2,8856-07 
4,462t-07 
3,5776-07 
1,7236-07 
9,0576-07 
l,942f07 
1.7936-07 
3,1436-07 
2, 9316-07 

3.4836- 07 

5.4836- 07 
3,4826-07 
3,4816-07 
3,4616-07 
3.4806-07 

3.4796- 07 

3.4796- 07 

3.4796- 07 

3.4796- 07 

3.4796- 07 

3.4796- 07- 

V 


1.0006-10 
1,3786-07 
3.859E-07 
4,5196-07 
2,84u£-07 
2.5316-07 
4.V2TE-07 
6,0556-07 
6,7636-07 
4,0866-07 
2.6896-07 
3,2426-07 
3,2436-07 
3, 2436-07 
3,2U4£-07 
3,2446-07 
3,2456-07 

3.2466- 07 
3.246E-07 
3,24e.E-07 

3. 2466- 07 

3. 2466- 07 

3.2466- 07 

H 


1,0006-ie 
8.3396-03 
9,3906-03 
7, 3076-05 
7.6246-03 
8,3176-03 
1.4896-02 
6.C31E-03 
5,9556-03 
4,0966-03 
8,0706-04 
3.5i9t-oa 
4,1966-04 
4,6906-04 
5,1556-04 
5,6956-04 
6,3226-04 
7,2u56-04 
8.204E-04 
&.3966-04 
4.5836-04 
1, 4556-04 
4.2546-05 

GAHMa ERROR 


l«oeoc-io 
3,9306-03 
4,S4«iE-03 
3,7616-03 
9.742E-04 
4.9176-04 
9.S54E-03 
5,7026-04 
1,6986-03 
1,3356-03 
3.6SE6-C4 
1 . 1 4 S 6 - C (i 

2.0806-04 
2,7596-04 
3,3756-04 
3.V48E-04 
5,3706-04 
7, 1996-04 
0,0386-94 
8,03b6-04 
8,216E-C4 
8,3656-04 
8,4e0£-04 

P31 ERROR 


1. 0006-10 

2,6766900 

2,S586tOO 

U753E-00 

1,8866900 

1.71 1E*00 

3.551E-00 

5.696E-Q2 

1 .4776-01 

1.8376-02 

6, l9eE-03 

1,6036-03 

1.655E-03 

1.460E-03 

l,n4E*03 

8.357E-04 

6*4496-04 

3.505E-04 

1.9316-04 

4.7296-12 

I .7106-04 

r. 4516-05 

f, 9476-05 


1 ^*0006-10 
R,6«7£-01 
8,9516-01 
7,0036-01 
8.4906-01 
#•,4696-02 
2,069£.oi 

I. 5336-01 
2.2646-01 
^,3746-04 
5,4506-03 
3,’048E-03 
2,8976-01 
2,6986-03 
2,‘aai6-03- 
2,21 76-03 

1 .8606-03 

J, '693E-03 
1 .5216. 03 

I , 5216-03 

J. 7776-03 
2,'321E-03 
3,0116-03 


1.0006-10 

5.0036-01 

5,2976-01 

7,7036-01 

1.0756900 

3,8086-01 

2.391E.0X 

2,3556-01 

2.2456-01 

4,7076-03 

1 .79aC-03 

6.1076-04 

4,05lE-0« 

3.6336-Oa 

3,04ei£-04 

2.6076-04 

2.2116-04 

1.798E-04 

5,7406-04 

5,7406-04 

1,8046-03 

3.05SE-03 

4,3196-03 


1.0006-10 

9.2466-03 

9,2886-03 

7,2556-03 

7.5946-03 

8,3146-03 

l, 469 E,g^ 

6.03SE-O3 

5,9916-03- 

4,0986-03 

8. 0716-04 

3.520E-04 

4,1966-04 

4,691£,.0a 

5,156£»04 

5.695E-04 
6,3226-04 
T. 2456-04 
8,2066—04 
8.3966-04 
4.5636-04 
1 .4536-04 
4.252E-05 


1.0086-10 
4,5406-03 
5,6616-03 
«.9iae-e3 
4,2056-03 
2.1646-03 
5,lciE-03 
2.4196-03 
4.660E-04 
3.0A9E-04 
1.581E-04 
1. 9106-04 
2.9976-04 
3. 8076-00 
4.664E-04 
5.5076-04 
6,5106-04 
7,5166-04 

8.1576- 04 

8.1576- 00 
B.2676-0A 
8.3766-04 
8.0836-04 


1.0006-10 

9,4946-04 

1.3366-03 

5,0026-03 

6,0896-03 

5,a6DE-04 

1.S64E-03 

4,’Su96-03 

4.294E-03 

9,931E-04 

1,0696-04 

1,2756-04 
2,8346-04 
4.2056-04 
5)5646-04 
6,9766-04 
8,7456-04 
t. 0746-03 
1.2366-03 
1.2366-03 
l.'247E-03 
1,2596-03 
1.270E-03 


l.OOOE-10 
5,6666-08 
4«e06E-08 
9,B95C-oe 
6, 7326-08 
8,4806-08 
I.36CE-07 
8.639E-0B 
1,6606-07 
i, 7226-07 
8, 109E-C8 
9,056E-oe 
9.056E-08 

9.0556- 08 

9.0556- 06 . 

9.0556- 08 
9,05St-08 
9,0S6E-08 
9,0576-08 
9.057E-C8 

9.0586- 08 

9.0586- 08 

9.0586- 08 


1.0006-10 

U023E-07 

3.1646-08 

1,9336-07 

1,5656-07 

2.696t-fl7 

1,7076-07 

6.8856-07 

5.2916-07 

2,2936-07 

2.499E-07 

3,5536-07 

3,5146-07 

3.5456-07 

5.516E-07 

3.4846-07 

3,4716-07 

5.0716-07 

3.0746-07 

3,4746-07 

3,4746-07 

3,4756-07 

3,4756-07 


1,0006-10 
1,7366-07 
«,808£-07 
6,093E-or 
4,2926-07 
1 ,4476-07 

1.01C6-06 

8, ISlE-oa 

4-.574E-07 

4,0156-07 

3.2506-07 

5,3746-07 

3,2066-07 

3.1716-07 

3,20uE-07 

5,256E-07 

3.2536- 07 

3.2536- 07 
3.249E-07 
3,249'6-07 
3.249E-07 
3,2486-07 
3,248E-Ci7 


2,8846-14 

2,4946-ob 

4,1116-06 
5. 0286-06 
8.2536-06 
1 . 1556-05 
2.03CE-0S 
1.0506-05 
9,6556-06 
6,5576-06 
1 .2786-06 
6,5376-07 
6.1296-07 
9,5456-07 
1,1176-06 
1 .3046-06 
l,«7‘'6-06 
1,9186-06 
2.6446-06 
2,7056-06 
1.5166-06 
5. 0786-07 
1. 6526-07 


2.6926-14 
2,7016-07 
5,4306-07 
3,1666-06 
6,2976-06 
7.S94E-07 
2 , 6626-06 
7.763E-06 
7,b3oE-06 
1 ,7606-06 
2,0066-07 
2, 4156-07 
5.349E-0T 
6,ie3£-07 
1 . 1216-06 
1.451E-06 
1 ,824£-S6 
2,7276-06 
3.92££-eb 
3,926£-06 
4.071E-06 
4,2216-08 
4.315E-06 
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si 
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0 

1 

<o 


TZmc 

Jo’e.oo 

I5SC,0» 

1550.00 
1610, <?o 

1670.00 

1730.00 

1790. 00 
1 9J b, OQ 
183*. 00 
1«"6.00 

1840.00 

1 84 0, 0 0 

1874.00 

1884.00 

1894.00 
1^00,00 
l ^ lfl , 00 
I’^a.OO 

1938.00 
1943.50 

1943.50 

1944.50 

1945.50 

1946.50 


' ' £„o. 


'’ l . rro ,, „Lt eniNATS 
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TIhc 

1932.00 

1432.00 

1490.00 

1550.00 

1550.00 

1610.00 

1670.00 

1 730 . 00 

1790.00 

1836.00 

1836.00 
1846^00 

1046.00 

1860.00 

1874.00 

1888.00 

1698 . 00 

1908.00 

1914.00 

1924.00 

1934.00 
1943.50 

1943.50 
l’«a,50 

1945.50 

1986.50 


l^OOOfvjo 

i»8coe*oo 

«,l88f*0l 

9»22ie»0j 

«.436e.oj 


1 *806C»t A 
|.3l5e.03 
9.564C-08 
9.5S8£.04 

l«00tE»05 


i.'eoee.jo 

|.159£.oj 

9,U5E*08 

9«272E.o- 

9,750C*0d 


i.effof.io 
1 *600C»0f 
9*127 £.oi 
3.513E.o, 
3,089C«o1 


l » 890 f«IO 

i * 73 jp « j 4 

l,15fi£.os 

?«7?6t«08 

6.»ff2C-08 


l » 008 C«io 

l » 726 e *04 

l»t36E-03 

7 » 916 Cw 08 

6.94«e*6« 


l«6flCE«jO 

s*0ooe*{o 

l#COOEi,io 

lifl«OC-I0 

l«000E«JO 


1 ♦OOOE-10 
I . OOOEajo 
1 iOooE-:o 

l » 0006 -io 

l.OOflE.jfl 


1*090E 

i.ooor< 

1«000E> 

1«OOOC* 

1«OOOE« 


-le 

'lo 

*10 

•10 

10 


i*«oOE«:o 
l.OOOE-01 • 
S.I27E-01 
3*3i 3£-0I 
3,Oflfl£»oj 


1»OOOE-10 
*• l6eE»03 
Jf 953 E . o 3 
3.660E*03 
2*912E-03 




l*OOOE»to 

1»OOOE*00 

9*ie4E*0l 

9«221E*0| 

<.436E-01 


1 »OOOC*io 

1*34SE«05 

».«87E-e6 

2«S06E»05 

9»6«9£,05 


l,000f*io 
f.l5«E-os 
1.347E-05 
3 « i 960 E « 0 s 
7 • 32 7£>o j 


ii 09 or»to 

1*OOOC»0] 

127E-01 

5*513E«oi 

S«086E«0| 


i«oooE*ie 

9»307e»oS 

1.972E-05 

i»7oit-o5 

2,76oE«05 


1«090C*10 

f,537E-0S 

2,265E-05 

3<585C«os 

3*79aE«05 


1»009£»J0 

1,OOOE»io 

l*OflOE-tO 

1.000E*to 

i*oooe.|o 


ltOOOE«Jo 

1*OOOE-10 

1#000£-10 

i»ooo£.:o 

1*O00£a10 


i.oooE-ie 

1«000£*10 

l.OOOE-10 

1<OOOE-10 

1*OOOE-10 


3.177E-13 

J » l 77 E-oe 

1.675E-03 

1 « 178 C . 0 J 

l«089£«oJ 


i.iroe.n 
1 . 4425.07 
^ » 393 E .08 
1 i 202 E , i 67 
1 . 29 JE .07 




OX-0 


■? 


Tine 


S»OU^ 1 8 PCftCCNT Mt«8URtMEMT MOISE 

POSITION EsriMiTE fHBOP VF^OCITT rSTl'n*TC ERROR 

" ® C R 0 . C 


1BS2.00 

1032.00 
10*0.00 
JS50.00 

1550.00 

1610.00 

1670.00 

1730.00 
• 1790.00 

1036.00 

1036.00 

1046.00 

lO'Ue.oo 

1060.00 

1070.00 

IQOa.oo 

1690.00 

1900.00 

1910.00 
i 92 «.eo • 

1930.00 
I9«3.50 

191.3.50 

19410.50 
I’uS.SO 
19«6.50 

TIME 

1832.00 

1832.00 

1890.00 

1550.00 

1550.00 

1610.00 

1670.00 

1730.00 

1790.00 

1036.00 

1836.00 . 

18416.00 

16416.00 

1660.00 

18741.00 

18644.00. 

1698.00 

1900.00 
19|«,00 

1928.00 

1930.00 

19443.50 

19413.50 

19041.50 
1905.90 
1 9446.50 


9.979F*02 

9,«33r*02 

7,313F*02 

5.D08E402 

2.3007»02 

7.850F4I)} 

1 ,63lE*fll 
1.160E*01 
9,695E*00 
l,086E*01 
l, 344 7Et00 
. 1.252E+00 
6,009E*02 
7.966E-02 
1.38^E.01 
1,365€-01 
1.195E-01 
1.009E-01 
7.692F-02 
8.087E-02 
2.191E-02 
2,037f-02 
8,259f-oa 

l.aooE-02 
5.893F-03 
1 .760E-03 

U 

l,036E*03 
9,44ii7Cto2 
7 , 276£to2 

8 , 965 F»o 2 

2<296E*o2 
7.829E*o1 
1.026^*01 
I.l59f401 
9,664lfr*00 
l,0U3Ft01 
I ,360E*00 
1 .268£*00 
6.006F-02 
6^0O5E-02 
1.3S3E«01 
1.372E-01 
l.203F-Ot 
1 .016F-01 
7,764Jf-02 
8, 156F-02 
2.259E-02 
2.00BF-02 
7.277E-10 
1.872F-02 
6.396E-03 
2.521E-03 


«.786E*02 

5.4167E401 

t.866E*02 

7.006C401 

3.23IC40I 

1.017E401 

l,23UE*0t 

8 . 695 E 400 

7,56?E*00 

S,6fl5£*00 

2 . 962 E 400 

3.6676400 

1.165E-01 

1.567E-01 

1 .665E-01 

1.963E.01 

2.089E-OI 

2.165E-0I 

2.318E.01 

2,9a7£-01 

2.725E-01 

2,826E*0! 

2.827E-01 

2.963E-01 

3.833E-0I 

8.1 344 E-01 

V 

1.000E*03 
8.3B56toi 
1.1226*02 
1.0866*02 
8.707E+0I 
2.«2?E*0t 
1 .21 lE*Ot 
8,8716*04) 
8.332F+00 

5. 8 1 og *00 

t .620E + 00 

2 , 650 £*oo 

1 .or lE-O) 
1.89&E-01 
1 ,59flF.oi 
1 .967E-01 
2,0696-01 
2. 183E-01 
2.5166-01 
2.5O2E-01 
2.722E-01 
2 , 830E-0 1 
2.830E-01 
2. 9736-01 
3.444O6-0I 
8»ltf8E-0t 


l.020E*03 

1,5526*0? 

7 » 8726 * 0 l 

1,1156*0? 

5.5086*01 

3,622F*0i 

I »D586*0j 

9.8eif*eo 

5,1936*00 

7 , 05 OE*Ofi 

5.’653E-0t 

8,7006-01 

1.0596-01 

а, 7oi£-0?' 

б, 44256-0? 
9.41056-0? 
8,0196-0? 
8,7266-0? 
5.5906-0? 
i4,560F-o? 
5.7026-0? 
1,3!0E-Oi 
1,5106-01 
8.5076-01 
7,7566-01 
1.0996*00 

k 

«*3UE*0? 
1,2016*0? 
1.8226*02 
9 , 1206*01 
8.75l£*0l 
3,l7fle*0l 
1,0696*01 
9,'t6ie*00 
3,9556*00 • 
7,3656*00 
2,5376*00 
2.5626*00 

t,2l<i6-0l 

6,5106-02. 

«,253P-0? 

8,77416-02 

6,7506-0? 

5^9036-0? 

5,8726-0? 

8,7886-0? 

3,8786-0? 

1 .3026-0} 
l,302E-0l 
8,5016-01 

7,73lE-0t 

1.099£*0o 


2,9776*00 
2.3916*00 
1.0636*00 
1 .829£*00 
6,5326-01 

3.0056- 01 
2,5866-01 
2,2376-01 
1 .605E-01 
1.2856-01 
1,2306-01 
5,8916-02 

8.8976-02 
1 ,7036-02 
2,0716-02 
3.282E-02 
3.6276-02 
8, 1596-02 
8.5706-0? 
5.1506-02 
6.0196-02 
9,9736-02 
7,1676-02 
3,0606-02 
1,1796-02 

3.0056- 03 

U 

2,9656*00 
2.3796*00 
1 .8866*00 
1.8l7f*oo 
6,8056-01 
2,9976-01 
2. 5836-01 
2,2356-01 

1 . 0056 - 01 ' 

J , 2866-01 
1,2326-01 
5.502E-02 
8.5106-02 
1.7956-0? 
2,0026-02 
3.3026-0? 
3,8586-02 
8,1936-02 
8.0126-02 
5,?0?6-02 
0 . 0796,02 
7.0396-02 
7.2386-02 
3,9276-02 
1.285E-02 
3,5906-03 


3.6736-01 
1.«66E*6i 
5 . 291 E-OI 
8,1656-01 
8. 2656-01 
1.1026-01 
5 . 628 E -02 
0.OO5E-O2 
5.9116-02 
0.2756-32 
5.6376-02 
0.8856-02 
O. 929 E -02 
3.0l0F-fl2 

2*l?0F-O2 

3.8636-02 

8,5196-02 

5.553E-02 

0.571F-O2 

7.0506-02 

9.2666-02 

1 . 0206-01 

1.028E-01 

1.0816-01 

i.OSoF-OI 

1.0666-01 

V 

8.6276*01 
8.1956-41 
6.806E-O1 
6. 3236-01 
3.0266-01 
1.2056-01 
l*0?66-0I 
•1*1056-01 
1.252F-01 
2.0806-01 
1.1066-01 
0.1536-02 
5.101E-O2 
3.0836-02 
2. 1536-02 
3.8706-02 
8.6256-02 
5.688E-02 
0.5076-02 
7.8I0F-O2 
9,'2176-02 
1.0256-01 
1.025E-O1 
I.O30F-OI 
1,0516-01 
1.O08E-O1 


a.l77E-0l 

S.U39E-01 

3.775E-01 

3.3056- 01 
3.158E-01 
2.S38E-01 
2,7786-01 
2,5006-01 
2.3996-01 
2.I28E-01 
1, 3096-01 
0.9176-02 
8.623E-02 
3,2736-0? 
8.378E-02 
0,1OOE-O2 
1. 1856-01 
1. 8986-01 
I.0S9E-O1 

2.3056- 01 
2.79SE-01' 
3, 1086-01 
3,1006-01 
3*2106-01 
5,2856-01 
3.2726-01 

N 

8.133E-01 
4,8586-01 
^. 505 £-fll. 
3. 8256-01 
3.7576-01 
2.497E-01 
2 . 6806-01 
2,3326-Ot 
2 ,H 2 £- 0 l 
0 . 0 ( 66-02 
7,0706-02 
.7,1096-02 
4,6206-02 
3.2306-02 
4.3576-02 
0. 1256-02 
1. 1806-01 
1,4096-01 
1 , 0576-01 
2.3056-01 
2.7956-01 
3.1006-01 - 
3.1006-01 
3.2176-01 
-3.2856-01 
3.2736-01 


R1.0TFORM TILT ESTIMATE 
ROC 


1,9886-00 

7.8586-00 

9,7906-00 

1.128E-05 

9.7O8E-O0 

l,755E-flS 

l*0flOE-OS 

l.OoiE-05 

1. 7766-05 

1,7226-05 

1.7086-05 

1.8016-05 

1.032E-OS 

2.0076-05 

2,0256-05 

2.0266-05 

2.031E-05 

2.0346-05 

2.0306-05 

2,0396-05 

2.0826-05 

2.0456-05 

2.0856- 05 

2.0856- 0'S 

2.0856- 85 
2.0456-05 

U 

2.1916-00 

6. 6226-00 

1,0206-05 

1.130E-0S 

9,0036-00 

1.773E-0S 

1,07O£-O5 

1*0866-05 

1.7066-05 

I, -7356-05 

1.719E-05 

1. 8216-05 

1,0586-05 

2,0326-05 

2.0516-05 

2.0526.-05 

2.0S3E-05 

2 . 0 S 8 E-CS 

2 .O 5 & 6 - 0 S 

2,0576-05 

2,0506-05 

2.O0OF-O5 

2.06'C£'05 

2. 0006-05 

2.O0OE-O5 

2.O0OE--O5 


1,9806-05 
?, 8396-05 
2,9506-05 
3.0726-05 
2. 8316-05 
3,0006-05 
3,3106-05 
3,0876-05 
8. 2506-05 
8. 9736-05 
5. 0306-O5 
6,0216-05 
0,9586-05 
7,9136-05 
8.7976-05 
8,7966-05 
0.7966-05 
0,7956-05 
0.795£-O5 
0.79OE-OS 

8.7936- 05 
0.793C-O5 
0,793fc-OS 

8.7936- 05 
0,7936-05 

8.7936- 05 

V 

1,0236-05 

2,6936-05 

1,6056-05 

2,9876-05 

2,t80E-OS 

2.3056-05 

2.99CE-05 

3.2936-05 

3.7156-05 

3,3816-05 

3,8216-05 

8.9J26-05 

5.211E-05 

7,2026.-05 

0, 7876-05 

0,7686-05 

0,7096-OS 

8,7026-05 

8.790E-05 

0,7906-05 

8,790£-0S 

0,7096-05 

0. 7096-05 

8.7096-05 

0.7696-05 

a, 769 E -05 


0.0096-00 
5. 5306-00 
9,8096-00 
2. 5256-05 
1. 0506-05 
1.1196-05 
1,3966-05 
1.7036-05 
2.29416-05 
2.77UF-05 
2.0036-05 
2.0106-05 
2.9866-05 
3.5996-05 

8.0526- 05 

8.0526- 05 

8.0526- OS 

8.0526- 05 
8.0526-05 
8.052E-05 
8.052E-05 

8.0526- 05 

8.0526- 05 

6.0526- 05 

8.0526- 05 
8.052E-05 

■ k 

1,2266.-05 
2.1676-05 
2. 0826-OS 
3.1926-05 
1 .5006-05 
2.2576-05 
1,9926-05 
2.007E-OS 
3,0066-05 
8.0076-05 
5.2796-05 
5.2516-05 
S. 8596-05 
8. 7386-05 
8. 1806-05 
8,0086-05 
8.0996-05 

a. 0696-05 

8. 0536-05 
8.0516-05 
8. 0516-05 

8.0526- 05 

8. 0526- 05 

8.0526- 05 

8.0526- 05 

8.0526- DS 


altitude 

RATE EKPOR 

2,0906*00 
2.3756*00 
1.6716*00 
1.8386*00 
0 , 5806-01 
3.0116-01 
2.5«7E-01 
2.2376-01 
i.0O0£-Ol 
1 ,2-76.01 
1.2326-01 
5.5056-02 
8.5116-02 
1.795E-02 
2,0026-02 
3.3P2E-02 
3,0986-02 
8,1986«02 
8,0126-02 
5.2056-02 
0,0796-02 
7.0806-02 
T. 2386-02 
3,9276-02 
1.2856-02 
3.0026-03 

6AMM* ERROR 

8.8276-08 
3 , 9006-08 
4.0196-08 
8,2956-04 
1,9<52E-08 
1,2006-08 
1.0006-08 
2.3iS£-08 
2,3706-08 
2,0106-08 
2 , 8226-08 
1 .0106-04 
7,0736-05 
3.1636-05 
3.5016-05 
5.2256-05 
0,1956-05 
7,8166-05 
S. 9626-05 
1,0016-08 
1,5816-08 
2,2376-08 
2,2966-08 
1,2926*08 
8,1996-05 
i. 3006-05 


VELOCITY 
MAC ERROR 

3,0506-01 

3.855E-01 

5.8896- 01 
7,3076-01 
3.8236-01 
9,2586-02 
7 , 8186-02 
5,7036-02 
9.9176-32 
1 . 700 C-O 1 
6.3586-02 
5,0876-02 
5,0826-02 
3.029E-02 
2.13U6-02 
3.7156-02 
8,9076-02 
5,7596-02 
0. 5106-02 
7,77o6-02 
9,2106-02 
1,0266-01 
1.0256-01 
1,0306-01 
l.OSiE-Ol 
1.0086-01 

PSI ERROR 

1.8896- S8 
7.8086-05 
8,9156-05 
9,8876-05 
1 , 0006-08 
1.0396-08 
1,0926-08 
2,8156-08 
2.9936-08 
1 ,8786-08 
1,3876-38 
1 ,270£-CU 
8.2036-05 
0,0726-05 
8,2556-05 
1 ,5386-08 
2,2196-08 
3,0016-08 
3, 6086. 08 
8 , 6096-08 . 
7.1006-08 

1.0136- 03 

1.0136- 03 ■ 
1.0506-03 
1,068£-03 
1.1126-03 


THE ANALYTIC SCIENCES COnPORATION 



0 

1 


J , 00 
tsso.oo 

I'^^O.OO 
1*10.00 
1 0 ?o, 00 

I 7 Jo , 0 0 

1 790 , 00 

I8J6.00 

JI'JO.OO 

1 *4h, 00 
1060.00 
1 0 7a . 50 
150a. 00 

lO’a.oo 
1 *09,00 
J*ia,oo 
1*^«.00 
1*}9.00 
l*‘‘5.S0 
I’fJ.SO 
1*99,50 
l’US.50 
1*96.50 


riMf 

l«3?.0O 

1*32.00 

10 * 0,00 

l5So',00 

1550.00 

1610.00 

1670.00 

1730.00 

1790.00 

1036.00 
H36.00 

1096.00 
10.9 6,0 0 

1060.00 

1079.00 

1009.00 
10*9.00 

1*09,05 
1*1«.00 
1*29.00 
1*39,00 
1*93,50 
1*93,50 
1*99.50 
1*95,50 

1*46.50 


1^679E*o2 
I » 7rt9g * o2 
1 ,2l 9f « o 2 
7,390r«Q| 
3 • 3^6 0 1 

^,39Jf,ft| 

^•5nc*oi 
7 , 1 0 Jf*oo 
0*.9fl9E*rto 
*, 0 *00 
1 ^65«r»oo 
I ,67orfoo 
■ «. 06ftp.^2 
l,Ofl6F-oi 

1 ,3o5F-oi 

lil*7f.oj 

ltOt3P-oj 

a,?96g--pp 

*,16SF-oi 

3^6i>9£»02 

1^*987-02 

?<i85t£-02 

*<07jf.o9 

1,*OOE-02 

0.55SP-03 

9.258E-03 


JooiMo. ro,tH*TP „po*‘ 
® c 


1 *579£f0? 
7,5?2E*0i 
*.929C*0| 

1 • 620 £* 0 I 

i,i59r*oi 

*.22S£*ofl 

*.6*?C,oo 

9.09oE*00 

5.*S9£,oo 

5.093£,o„ 

3.«05£*oo 
9»*61C*oo 
1 • 575E»0l 
1.789e,o| 

1.169f-0j 

1.3O3E-0J 

l.330£,o{ 
1.397E-0I 
l,998£.oi 
1*7] IE. 01 

1 .oasE-01 
^ » 220£»0 1 
{.220E-ot 

^,75?e.01 

•3.957e-oi 

9,2S7£.oi 


1,01 3f f 02 

*,096£+e, 

«.5*If*0i 

1,*57E»0j 

U96flE*0|' 

7,503E»0ft 

l-i2;»2E*0i 

3,.200E*on 

6.fl38F-0f 

5,335F-0| 

6^055f-o? 

*,2*2F-0;i 

6.193^.0? 

6,709F.-op 

5.0|9F-02 

9.990F-02 

*,230F-0? 

3.513F.0S 

2,877F-02 

6,707E-0> 

6,705f»'o? 

2,279F.o,- 

3,*05f-or 

5,S99Fi»0i 


VFLnciTy fariMATe eniroR 

® c 


1. *ur-oi 

2, ?*OE-OI 
2.092E-01 
1 ,909f-oi 

I .?0*f-oi 
i,?asE-0| 
l.??7E.0l 

1.9J5E-OI 
I .2*0F-oi 
1 .?0?C.oi 
*.72?£.o2 

9.*56£.o2 

9.521E.02 

2,«76E.02 

2,6A9E-o2 

3.799E-02 

9.610F-02 

5.9J5E-02 

6,226F»0? 

7.065E.02 

7.*BT£-02 

*,*0?E»o2 

*.176F.02 

5.00IE.02 
1 ,670£ «o? 
7,5*7 e-03 


l,78St-«l 

2,162f«01 

2»07lr-oi 

1.626F-01 

*,320f-oa 

7.A5IF-02 

6,59yf»02 

6.72SF-0? 

*.837e-02 

6.032r-02 

7 * 778f “02 

S.216F“02 

3,2*8e.o2 

2.806r-o2 

3,*7ae.02 

9»677F.«2 • 

5.706F-02 

*,«99F“02 

7.911F-02 

0.390F-02 

*.12*E“02 

*.12«F“02 

*,2JOF“02 

9-S15F-02 

*.«36F»o2 


l,606F«e2 
1»6*3F*02 
I .2ftaF*02 

7,320E»flj 
3, 375 £*o j 
2,3j9E*oj 
2.bn9Ff0i 

7,09flFtOO. 

8 , 3*6Etoo 

*.eaFE*oo 

1,7/15F*oo 

1*.6*2E»00 

9.839F.02 

iiO*ir*oj 

1,307e.0| 
l,l**F-oj 
1 .OI5F“rti 

8,27if-o2 
*,212F.f(2 
3,65oE-02 
1*.*7|E“02 
2,»26F-02 
1,0?6E-09 

l,e7oF“02 
8,2fl«F.o3 
3,785E«»oS 


1 • 76 ? E * o ? 

*.366E*oi 

l»***E*oi 

1 , 765E + 0 1 

*.637£»oo 

*.905f*oo 

1 ,90,5£*0| 

5,Posr*oo 

9.59ce*oo 

3.?*9E*oo 
*-097£*0O 
3 , 56 ] £*0 0 
a,3l0R-02 

1 * 60 5E»0 I 
I.l95£*oi 
1,30*E-Ol 

1.39OE.0J 

1.90IE-OJ 

I.998E-0J 

i,7ioe.oi 

1 ,a89f-oi 

2,22IE-01 

2.22IE-0I 

2.753E-01 

3.4S8E-01 

9.256E.01 


U 


2,«70e*0l 

2,5SOE.0t 

2,316L“Oi 

2,086E“0i 

2.ISlE“Ot 

1.533E*oi 

l.973f“01 

l,030£.oi 

’.S9JE-02 

*,556fc*02 

8,006£.02 

.«.S|3E-02 

2.795E-02 

2.3n6E»02 

3.1776-02 

.5,073E-02 

8.729E-0? 

8,C10E“|>2 

1.019E-O1 

i*2i*E-0t 

l*43eE.ot 

1 ,6l 6E“0| 
i,6iat.oi 
1.629E-01 
1.6atE“01 
1.OS3E-01 


platform tilt estimate 
" 0 


2.589E.07 

«.3*1£*06 

7.829F-06 

*,S3*E-06 

*.615F-06 

1.337F-0S 

J ,360f-05 

1.908F-aS 

1,370E*05 

1.J93E-05 

1.391F-05 

1.952E-0S 

X,S32f.oS 

1.730E-05 

1.7J7F-05 

1.716E.C5 

X.719E.05 

1,72':e-05 

1.722E-05 

I*72CE-os 

l,72bE“05 

1*726E-os 

1.726E-05 

1.727E-05 

1.727E-OS 

1.727E-05- 


1 ,663£*02 

*,382E*(j7 

8.177E*o 

l,*38f*oi 

l,626F*0t 

7,5fl6F*0i> 

*.*15F*00 

5,a?sr*oo 

5,0O3F*0fl 

5.ae*E*oo 

3,270F*O(j 

3,9Aaf*oo 

lt970F*0r 

fi'5?2E-02 

0,958£-op 

O.S95F.02 

5,555F-02 

9,853E-02 

9,2I9E-02 
. 3,S98E-02 

2 , * 06F “ 0 ? 

*,6«9F-fr2 

*,6«9E-02 

2,273F-0i 

3 , * 09E.fli 

S.59*£.0| 


2.6S7fc“06 

9.595E-06 

S.9J3E-06 

7,ae9£-c6 

*.2?3£*06 

1. USE-05 

U193E-0S 

1 , 706E-0S 

1.79at-05 

1 , e95E-05 

2, J33E.05 
2.635E.0S 
2,*a7E-(js 
3.S66E-0S 

3.9S9E-CS 

3.9S9E-0S 

3.9S9E-05 

3,9Set“0S 

3.958E.05 

3,*S8£.oS 

3,*57E-05 

3.*57fc“CS 

3,*57t“05 

3,9S7E-C5 

3.9S7E-05 

3.957E-0S 


l,*66E.ot 

2,315E«oi 

2,02fl£“01 

1.3*3F-ot 

1.20SE-0J 
1 • 28 ? E“0 J 

I.22SE-01 
1 .939£.oi 

1 ,2ao£;oi 

1 ,20OE.ot 

*.7U£-o^ 

9.993E-0? 

O.S21F.02 

2.173E.02 

2.670E-02 

3.7O7E.02 

9,6|3t“02 

S.917E-02 

6,229£-o2 

7.06PE-02 

7.99IE.Q2 

8.906E.02 

9.180E-02 

5,00SE“02 

lt673£-02 

7»602£"0J 


2.'307F*oi 
2«17|E.g J 

1.232F-0J 

1.579£«o| 

l,0?2E-oj 

*,19S£-o2. 

*.7h2E«o2 

6,337f.o2 

7 , ej6 £. o2 

8 , * 2ee - o2 

5.976F-02 

9*72|£<»oa 

3«loaF.Q2 

2,8i3F“02 

3.997F-02 

9.992F-C2. 

5» ?62F “02 
6.507E-02 

7,3*9E-o2' 

0.369E-02 

*,m£.02 

*.n5F“02 

*.220E'»02 

9.329F-02 

*,926E-(J2 


U 


9.395E-07 

1.789E-06 

5,6l6t-e6 

6,572E.06 

5.682E-o(, 

S,359E-C6 

6.53a£-o<, 

1.13SE-0S 

l,93lE-05 
1 , 79of .05 
1,826£-o5 

1.79be.oS 

2.C9JE-05 

2,S06£-05 

2.8*lF-a5 

2.890E.CS 

2.890E-05 

2.890E-OS 

2,8fi9E.05 
2.889E-05 
2.8B0£.O5 
2.afl8E-o5 
2, 08SE.O5 

2,6fla£;i,o5 

2.886E-05 

2.0ae£-05 


^'•LTiTUOE VELOCiTy 

E,.d, K.C eLc, 


2, 193E-01 
2.U66E-01 
2.052E-01 
i.ooeE-oi 
1 i2o?E-oi 
1 .2a0£.0i 
l,225fc*0l 

1 • 939E.0} 

1 .?88£.oi 

1 » 2o 0£»o ! 

*. 7 i 5£“02 

9 « 9 « 9£ -02 

9.522t-02 

2,1 78E-02 

2.670E-02 

3.7a7£-o2 

9 . 6 1 3 E - 0 2 

5.917E-02 

6|229f.o2 

7,068 £.02 

7 . * 91E“02 

8 , * o 6£“02 

*,l81E-02 
S,0o6£.o2 
1 .673E.02 
7,6o9£-o3 


2,39a£.5j 

2,J*5£«01 

i.uaE-oi 

1 .SloE.fli 

l*03CE-ej 

6.8i5c-02 

’.933F-02 

7.552E.C2 

*,2e9E_02 

*,5aSt-02 

5,077£-o2 

9 , eo6r-02 

9.971E.02 

3,120E“02 

2,7«7£.o2 

3,*22£-o2 

9.8CJE-C2 

S,S02£-02 

*UC5£-02 

7.09jr-02 

6.25CE-32 
*,C69£-02 
*. 069E-02 

*1 I99E-02 

*»3l9£.c2 

’.929E.02 


1, *<I5E-01 
l**3*E-0l 

2, *39£“01 
2.990E-0I 
2.521E-01 
1.595£i0l 

1.392£-oi 

1,097E-0| 

8.952E-02 

7*668£“02 

*,*«l9£-02 

7*661C»02 

8.040E-02 

2,63l£.o2 

3.206E-02 

5.0S7E-02 

0.679E-02 

8.370F-02 

l^013E“0] 

1,220£.C1 
1.939E-01 
i,617E“01 
U6J7E.01 
l«629£.oi 
1 *69 1 C-0 I 

l*654C-0i 


' l , 636f-07 
9*311£-o6 
7.7I9E.06 
*,^71E-06 
*,550E“06 
1.339F-0S 
1,37*£.05 

1.41OF-0S 

I , 37b £* o5 

J . i48£-05 

lt347E-0S 

1*4A0E“0S 

t,batE-05 

I.741E-05 

1.727F-05 

1.72eF“05 

I . 729E-05 

J . 729E.05 

1.730E-0S 

I.731E«oS 

1.732F-05 

1.732E-0S 

1.732E-05 

1.733F-0S 

1.733E-0S 

1.733E-0S 


' 2 . 238E-06 
9.295E-06 
7,:S3£-06 
7.605E-06 
0.68ce-06 

8. 162C-06 
*.*55£-06 
1 ,256£.o 5 
1.936E-0S 
1 .9e9E-(3g 

2 , UOE-OS 

2.379E-0S 

2,830E.0S 
3, 61 6fc.o5 
9,012t-OS 

3. *3Jt-05 
3.*10£y05 

3,93lt“05 

5.95JE-05 

3.959E-05 

3,9sat“05 

3 . 956E»os 

3»956t-a5 

3,956£,os 

3,*56£“05 

3,*55fc“05 


1.5UE.06 
2.692E-06 
9. 129E.06 
6.*9I£-06 

O.579E-06 

*.39a£-06 

8.639E-06 

l,617F-05 

1.790E-0S 

i,6fl7e-os 

2,0fl5E“0S 

2.123E“0b 

2.297E.0S 

2.93SE-0S 

2.BI1F-0S 

2.920F-05 

2,*50£-05 

2,*22£.o5 

2.89aE,05 

2.e8iE-05 
2.6a3E-05 
2.886E.0S 
2.886F-0S 
2, 8 86E-05 
2, 88 6E.0 5 

2.886E*oS 


ER;?or P3I EftHos 


3.«alE-05 
3.899E.0S 

9,389E“05 

9.263E-0S 

5.«53£-os 

5 , SftSE -05 
7 , 89e£-o 5 
1 , 3o*E.Oo 
1.599E-09 
1 ♦ 06 * E.09 
1.658E.09 
8U63E-05 

7 , 286£ -05 

3»750E-05 

9.6ft5t.0S 

6<59:fc-05 

8|9«5£-o5 

liOaaE-oa 

1 • 258E - 0U 

1 .995E-09 

2.0sr£-0ij 

2 1 6a6£»09 

2,933t-oa 

1 «6a6E — 09 

5.702E-05 

2.655^*05 


3,075E-0S 
3. 1 aae.05 
6, 09OE-05 

7,171E*0S 

7 , 269E-05 

6.909E.05 

O.S69E.03 

1«069E-09 

l>10l£.0(t 

l<3t2£.oa 

l*ia6E-09 

1.357E-04 

7.162E-05 
9,93a£-05 
6,07iF-05 
*.S96£.0S ■ 
l.SOOE-Og 
1 , 6aoE-oa 
2.106E-09 
2,SU6.£-0c 
3,6S9£-aa 
1 36E-09 

s.uaE-ou 

S,517£-09 • 

:>.509£.09 

5.620E-09 




G-12 




TImc 

H32.00 
|«90,00 
. 1550.00 

1550.00 
IfciO.-OO 
1670.90 

1730.00 

1790.00 
l«36.00 

1636.00 

) 6 u 6.00 

IBilO.OO 

1660.00 

1«7<J.00 

|66a,00 

j09tt.oo 

1901.00 
I9l.«,00 
1^26,00 

• 1930.00 

1903.50 

19113.50 
19U0.50 

1905.50 

1906.50 

time 

103?. 00 
193?. 00 

1990.00 

1550.00 

1550.00 

1610.00 

1670.00 

1750.00 

1790.00 

1036.00 
1036.90 

1096.00 

1096.00 

1660.00 

1670.00 
I BOO , 00 
i09«.eo 

1900.00 

1910.00 
I9?fl,00 

1930.00 
I9as,50 

1993.50 

1900.50 

1905.50 

1946.50 


C>»OirP 2 ACCELEROPtTER BIA3 

POSITION ESTIhATE fRRQB VEUOCTTt ESTIkATE ERROR 


5.5586*02 

2.231E*03 

5.47iE*oz 

6.2336*02 

«.026E*r»2 

1 ,6Bief02 

5.6156*02 

4«620E*0t 

1.686E*02 

5.3726*01 

1,752F*02 

4. 5606*01 

1.66if*02 

6.4106*01 

3,l96E*fli 

3.4776*01 

5.4976*01 

9,r60E*Ol 

6.5766*01 

3.767£*0l 

9.222E*00 

2.0266*01 

«.«016*00 

?.«30E*OI 

2,4636-01 

7.664E-01 

3.319E-01 

8.0696-01 

4.3296-01 

«,-970t-0t 

3.9626-01 

4.9696-01 

3.2016-01 

5,17?6-01 

2.6156-01 

5,5006-01 

1.9U5E-01 

.6,34.16-01 

1.143F-01 

7.6466-01 

6.l7aF-02 

9,1246-01 

1.382E-01 

1 ,094£*oo 

1,5536-03 

1.0946*00 

8, 6706-02 

1 . 3356*00 

3.391E-02 

1.7036*00 

1.0356-02 

2.1386*00 


u V 

6,fl63E*fl? «.395E*03 
5.55|Et02 6,575E*02 
fl.0l0f*0? !.?65E*0? 
3.60lE*e? «.909E*01 
l,6fl0F*0? ?.?35E*01 
I.7O7E+0? 6,eilE*0I 
1.650£*O? 1.006E*0? 
3. 197F401 fl,?64E*6i 
5.o667»01 3,757E*0t 
6.550E401 l.?5BE*01 
9.SIOC400 1,117C*oi 
0»S07£t«o 1,6956*01 
2.9S1E-01 l,983E.01 
3.3O6E-01 7.365E-01 
o.3??E-0l 9.ot,3E-Ot 
3.961E-01 S.UlE-Ot 
3.?63F-01 5,375E-9l 
?.6?or-0t 5.677E-01 
1.953E-01 6.351E-01 
I.ISOE-Ol 7,e?9E-0| 
6.308E-0? 9,liOE-or 
l.37?£-01 1.096E400 
9,0?0C-t| 1.096£»00 
«.67of-0? 1.3O0£*00 
3.675E-0? l,ro9E*00 
1.5SOE-02 2.1456400 


C R 


fl,9«3F*03 

S. 7546*00 

9,89a6*o^ 

1.737E*eo 

3,215F*(}2 

1,0026*00 

1 .8756*0? 

7.5796-01 

1.3996*0? 

?, 5046-01 

7,B3flE*0l 

1.3236-01 

9.650E*Ol 

2.271F-01 

2. '9816*01 

4,0856-01 

6,0266*00 

4,955£-0t 

2.635E*0t 

5,5536-01 

3,9266*00 

3.0756-01 

1.8216*00 

?. 6536-01 

S. 7916-01- 

2.540E-01 

1 .2096-01 

7.033E-0? 

3. 3106-01 

8.7646-02 

5.0656-01 

1 ,5096-01 

4.3496-01 

1 .0686-01 

3.6976-01 

2.1916-01 

3.1146-01 

2, 5426-01 

2.5696-01 

2.9756-01 

2.1066-01 

5.5646-01 

6.605E-01 

4. 1666-01 

6.601E-01 

4.321E.01 

2.3476*00 

2.3376-01 

4,0986*00 

7,2646-0? 

5.7646*00 

1.9S0C-O2 


R U 


2,300E*03 3,723E40o 

9 ^ 636 E 40 ? 1 , 703 E 40 (J 

3 . 922 E 40 ? 1 . 06 OE 40 O 

l.e9aF*B? 7.5126-01 
1,069F40? 2.5BOE-01 

6.1O6E401 1 ,307£-Ot 

6,lBoE*0i 2.259E-01 

1.653F40I a,o93£-oi 

1.952E401 0.953E-01 

9.95UE401 5.5O4E-01 

l,73lf40t 3,67?£>01 

1.T57E401 ?,6'jce-0l 

9,566f-0l 2.5O2E.01 

3,«B7f-0j 7.077E-02 

3.605E-01 e.6i0£-02 

9.9U2E-01 1.517E-01 

fl,09oF-0l l,69'»£.9t 

3.50OC-01 • 2.?06e-OI 

3.069E-D1 2.560E-01 

2.6J9E-01 2.99SE-0I 

2,160£-0l 3.591E-01 

6.571E-0J a,2ia£.oi 

6.571E-01 4,353E-0t 

2,3aOE4flo 2.369E-01 

9.0O6E40.0 7,5616-02 
5.7626400 2.263E-02 


0 c 


1.7926*00 

3.43tC«00 

6«503E*tl} 

2,6A6f*00 

1.300E*00 

2,l65t*00 

i.O0OF*OO 

1,7256*00 

t.066E*00 

1.6506*00 

4.3786-01 

t.l3«E*00 

2.5056-01 

1.139E*00 

2.1756-01 

6,030e*>01 

2.281E-01 

7.734E-01 

2.579F-01 

9,1056-01 

2.7056-01 

4.796E-01 

3.175F-01 

4.0746-01 

2.357E-01 

2.332E-01 

1.S72F-0J 

1.732E-01 

1.2496-01 

2,3756-01 

2.011F-01 

4.342E-01 

2.5566-01 

6.091E-01 

3,0366-01 

7.930E.-O1 

3.4B0E-01 

9,6766-01 

4,0296-01 

1.221E*00 

4.6086-01 

1.4746*00 

5. 0046-01 

1 .6006*00 

5.004F-01 

1,6806*00 

5.077E-01 

1.695E+00 

5.1506-01 

1*7096*00 

S.222E-01 

1.7?3E*00 

V 

H ■ 

2.3216*00 

J.136E400 

1,9626*00 

1.9?1E*00 

i.l?3E*00 

2.269E*00 

6.729E-01 

|.9?3t*00 

5. 8356-01 

1,8766*00 

S.199F-01 

l.098E*00 


5 . 359 F -01 l, 032 t *00 
3 . 156 F -01 S. 5746-01 
5 . 036 F -01 6 . 297 E-OI 
e, 5246 - 01 . a, 206 E-OI 
9 . 0666-41 3 . 6 ^ 0 E *01 

3, 1946-01 a.ieot-oi 
2 ,ai 76-01 1 . 706 E -01 
1 . 8196-01 1 , 0696-01 
1 , 3546-01 2 . 515 E -01 
I. 9 *> 76-01 4 , 3596-01 
2 . 466 F -01 6 . 124 L -01 
2 . 9 B 0 F -01 7 , 9566-01 
3 . 472 E -01 9 ,fl 7 oE- 0 l 
9 . 043 E -01 1 . 220 E 400 
4 . 6186 - 01 ' 1,4736400 
5 . 0066-01 1,6796400 
5 . 0066-01 ■ I, 679£400 
5 . 98 QF -01 1 -. 6946400 
5 . 153 E- 0 I 1 . 709 E +00 
5 . 224 E -01 1 . 723 E +00 


PLATFORM TILT ESTIMATE 
R 0 


9,1616-07 

4.1416*05 

7.155E-0S 

8,7146-05 

8,4796-05 

1.0626-04 

1.0746-04 

l,084E-o<i 

9,978E-0S 

9.213F-05 

9.1666-05 

1,0466-04 

1,1336-04 

1.3376-04 

1.341E-04 

1,3426-04 

1.343E-0V 
1. 3446-04' 
1.3456-04 
1.346E-04 
1.347E-04 
i,348E-04 
1 .346E-04 
1.346E-04 
l,34bE-04 
l,348£-04 


1.275E-05 
6.552E-0S 
7.5761-dS 
8. 0276-05 
9,8046-05 
1.099E-09 
1,0066-04 
1,5756-04 
1 ,6636-04 
1,8156-04 
2,2616-04 
2,6006-09 
2,9146-04 
3.4616-04 
3.6406-04 
3,6396-04 
3,8396-04 
3,8306-09 
5,6376-04 
3,0376-04 
3.6366-04 

3.8356- 04 
3,635£-09 

3.8356- 09 

3.8356- 04 
3.03SE-O4 


C 

1.680E-06 
1.571E-05 
4,3726-05 
9.167E-05 
3 . 69 ‘,f -(55 
2.955E-05 
2,9236-05 
b,103E-OS 
7.072E-05 
9 . 442 E -05 
9,5096-05 
9 ,B 4 iE -05 
l,037f-04 
1.3896-09 
1 , 6456-04 
1.6956-04 
1 .646E-04 
1,64/6-04 
1.6476-04 
1 ,6ue£-04 
1.649E-04 

1.6506- 04 

1.6506- 04 
1 . 650E-04 

1.6506- 04 
1.650E-04 


ALTITUDE 
RATE ERROR 

2,5fl7E+00 
I .566E*00 
1. 0876*00 
7.5836-01 
2.5916-01 
1 ,2906-01 
2.2e6t-01 
4.075E-01 
9,9u26-0l 
S.SalE-Ol 
3.670E-01 
2.6536-01 
2 .5426-01 
7.0766-02 
8.8i 16-02 
1.5176-01 
1.6996-01 
2,2066-01 
2.560E-01 
2,9986-01 
3.592E-01 
9,2196-01 
4,3536-01 
2,3 a 96-01 
7 i 583 t -02 
2,2646-02 


U 

9,1546-07 
4,154E-0b 
7 , 0096-05 
8.643E-05 
8.4056-05 
1.057E-04 
1,0736-04 
i. 0876*04 
1,0046-04 
9.291E-05 
9,2fi2E-03 
1.0566-04 
t.1456-04 
1,3526*84 
1.3566-04 
1.557E-04 
1.3576-04 
1.3576-04 
1.3S7E-04 
I.357E-04 
1,3586*04 

1.3586- 04 
1,3566*04 

1.356E-04 

1.3586- 04 
1.358E-04 


V 

1.034E-05 
S. 3746-05 
7.971E-05 
8.6696-05 
9.3096-05 
8.321E-05 
9,6626-05 
1 . 2436-04 
1,4646-04 
1,0066-04 
1.163E-64 
1.7146-04 
2.0466-04 
3,0176-04 
3,7636-04 
3.8466-09 
3.0S3E-O4 
3,6466-04 
3.8366-04 

3.8306- 09 

3.8306- 04 
3.8316-04 
3.631E-04 
3,0316-04 
•3.832E-04 
3.8326-04 


W 

7.650E-06 

4.052E-05 

9,683E-0S 

9.6216-05 

9*9'3<>E-05 

7.831E-05 

5.7uJEWo^ 

1.09ti£-04 

l.OSuE-04 

1.729E-04 

2,1596-04 

2.174E-0U 

2. 3156-04 

2.1846-04 

1,6026-09 

1.617E-04 

1 .6006-04 

1 ,61ti£-04 

1.6416-04 

1.6S4E-04 

1.654E-09 

1.651E-09 

1.651E-04 

1.651E-04 

1.650E-04 

1.650E-04 


GAMH* ERHOH 

4,1566-09 
2.615E-09 
2. 3866-04 
2.27“t-09 
fl.253t-05 
4. 7366-05 
1.0236-09 
3 . 3UB6-09 
5 .6056-04 
5 . 634 E -09 
5,3l9£-04 
3.O10E-O4 
2,0826-04 
9,0?3t-O5 
l, 723£-0a. 
2.7o5t-04 
3 . 4126-04 
4,2566-04 
5.2766-04 
6.3366-04 
9.1916-04 
1.3446-03 
1.3876-03 
7.7626-04 
2 . 5696-04 
8.U9E-05 


VELOCITY 
M*C ERROR 

2. 2596*00 

I ,93iE*te 

l,C81E*oo 

6.378E-01 

S.71CE-31 

5.240E-01 

5.071E-01 

5.779E.01 

5.702E-01 

9,5566-01 

4.5T6E-DI 

3.O96E-01 

3,3636-01 

1.066E-OI 

1 , 2606-01 

1 ,9256-01 

2,4496-01 

2 . 0956-01 

3,3006-01 

3,9306-01 

9 . 591 E -01 

4.9976-01 

4.997E-01 

5.07SE-01 

S.lSlE-ol 

5.224E-01 

P3I ERROR 

5.513E-04 
3.1886-04 
9.7aiE-C4 
5.53CE-oa 
5.3‘>SE*04 
4,5476-04 
6, 58 3 6-0 4 

S. 774E-04 
0 , OOuE-oa 

T, 368E-0« 
.6,3146-0 9 
7.2646-04 
3,0946.09 
2,7576-04 
9.30oE-:4 
6.2276-04 
1.1936-03 
1. 6036-03 
2,0546-03 
2.5USE-03 . 
3.7406-03 
5,337E-03 
5.337E-03 
5,5296-03 
5,7296-03 
5.055E-O3 
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1«3?,00 

l"J2.00 

l«’0.00 

|SS0>00 

!SS0«0« 

' 1 ^ t 0 , &0 

1670.00 
17JO.O0 
17’C.OO 
10J6.00 

1036.00 

I0u6,00 

10110.00 

1000.00 

1070.00 

1600.00 

1090.00 

1900.00 
l9t«.C0 

1920.00 

1930.00 

1903.50 

19« 5,30 

19411.50 

1905.50 

1900.50 


'03IT10N cariMATc eppop 

p 0 J 


«,102C*O3 

S.TflOt*03 

«.e67Ct03 

l.«25r*03 

*.5?5f*02 

2.3?2E*0i 

9,179E*01 

2..06SEtoi 

2.0OOf *01 

3,102E»aj 

0. 3'35£*oo 

9«O06E*eO 
6.526E-02 
1.957E-0J 
2.069E-0J 
1.661E-0I 
1 . J73E-01 

1.066r>01 
7.327E-oa 
".097E-02 
t.013£-O2 
5,306f.o2 
S.S67E*0Q 
3.920E-02 
1 .622C-02 
9.O09C.03 ■ 


3,S07E*03 
l.«23E*02 
«,073E*02 
t.905E*O2 
0*1 lOE^Ot 

2»9i6E*aj 

3, 70 6E*O 1 
2.2l5£toi 
2»19ie*oi 
1 . 76 fit *01 

9,5oiE,oa 

i,i0oe*oi 

3 . 609£«O I 

s.e0o£*oi 

1.707£-0t 

2.O5SE-01 

2.0t7E-01 

2.350E-01 

2,1P2E-01 

l,fl99£.oi 
1 ,02‘IE-Ol 
2.122E-01 
2,I23E*01 
3.797E-01 
6.021E-0I 
0.366E*O1 


a.oa5£40s 

1.393£*o^ 

3.767EtO? 
3.0Soe402 
1.06?£«0? 
I .227E*02 
S.265E40] 
1.056T*Oi 
».975E*Oo 
1.679£*oi 

1. asoE+oo 
1.031E400 

2 . « 05 £- 0 i 
6.642E-C3 
0.636E-O; 

l.S96E*0t 

1.36OE.01 

1.1S3E.0I 

9.70OE-0? 

0.O55E-O? 

6.67«e»o? 

2.262E-01 

2.201E-O1 

0.O3OE-O1 

!.303£*Oo 

1,967E*Oo 


VELOCITt fSTfUTE EPPOR 
* 0 C 


1.626E^0i 

9,06JE*00 

*,560t4CO 

3.3OUC400 

9.937E-0I 
I .O58E.01 
5,0O7£-oi 
«.2SOE-0t 
3,C20e-01 
2.320E-O1 
2.C52E-01 

0. 017E-O2 
*,3lU£-02 
1.152E-02 
2,23tE-Q2 
9.160E-02 
5,?.e5E*02 
6.S23E-02 
«. 156E-02 
i.oa^E-oi 
I»321E-01 
1.59lE»0t 

1, bo3£-oi 
9.029E-02 
2.997E-02 
1 .039 £.o2 


2.2U1E600 

7.8oeE>ftt 

9.9&3E-01 

1.0l3Etoo 

7,590E«01 
l.ofrOE-Ol 
1.12OE-01 
0.155C-O2 
9.170E-02 
1.207E-01 
14520E-01 
1 .689E-01 

9.92aE-02 

0. 00eE.gj 
9.‘I63E-o? 
7.025E-02 

9.326E-02 

l.iA3E»01 

1. ao6E-oi 
1.776E-01 
2.125E-01 
2 . 399£.01 
^. 399 E- 0 | 

2 , a 22 E- 0 l 
2.aO6E-01 
2 . 406 E*Ol 


PLATfORR TILT ESTIMATE 
R 0 


1932.00 

1032. 00 

1990.00 

1550.00 
• 1550.00 

1610.00 

1670.00 

1730.00 

1790.00 

1036.00 

1036.00 

1046.00 

1096.00 

1060.00 

1074.00 

1604.00 

1094.00 

1904.00 

1914.00 

1924.00 

1934.00 
1943,50 

1943.50 

1944.50 

1945.50 

1946.50 


5.709£«00 

3.220E600 

2.199Ef00 

9.259E-0J 

6,779t-01 

a,0oOE>Ol 

6i457E-OX 

S.llOE^l 

S,ObOE-Ot 

9,299t-01 

1 .eeoE'Oi 

l,49a£«01 

7.520E-.02 

6*165E-02 

O,797f-02 

1,595E»01 

2.I68E-01 

2.798E-01 

3.933C-01 

9.218E.01 

5,05T£-0! 

5,723t-01 

S,723t-0l 

S,773E-OI 

5.P23E-01 

5.871C-01 


9.993E-06 

9.294£>o5 

3,606£-05 

2.850E-05 

2.231E-05 

9.262E-05 

9.090E-05 

«^273E-eS 

9.056E-05 

3,93b£«oS 

3.91-5E-05 

9.282E-05 

«,63b£-05 

S.382E-05 

5.220E-05 

5.22aE-05 

5.236E-05 

5 , 24 -E -05 . 

5.252E-05 

5,260E*05 

5,26«E-0S 

S,276£-05 

5.276E-0S 

S.277f-05 

5.27eE-0S 

5.278E-05 


0. 247E-05 
fr.03tE-05 
5.402L-03 
7.039f05 
9.005E-05 
«»90U-OS 
9.643t-05 
6.769E-0S 

6.993L-05 

7.9J6L-05 

1.013E-04 

1. n 9 t -04 
1 .243E-04 
1.435E-04 
1.576fc-04 
1.S76E-04 
1.576E-04 
l,576E-0« 

1 , 576E-04 
1.576E-04 
l,576t-04 
I « 576E«04 
1 ,576fc-04 
1.576E-04 
1.576E-04. 

1 ,576£»04 


- ALTjTl^Ofc VELOCITY 
PATE ERWOR MA& tPftOP 


0.695E-06 
X ,89bE>i06 
2.4HE*0S 
6.667E-05 
J,iooe-o5 
2.12U-CS 
2.S05E-05 
3.792E-0S 

9.559t«ob 

5.679E-05 

5.406E-05 

5,3fllE-05 

5.932E-05 

6,ao7E-0S 

7.620E-05 

•7,eiSE-oS 

7.6lJE-0i> 

7,6oet-os 

7.60iE-05 

7.596E-05 

7.591E.05 

7.567E-0S 

7,507E-OS 

7.586E-05 

7,5fl6£-0S 

7,50i,E»O5 


9.SijC*03 

3.820Efo3 

2.052£*O3 

1.920E403 

6.5eiet02 

?«3l,6E»02 

9,164E*01 

2.463Et0i 

2.79oE*o1 

3. 1 3i E* 0l 

«.377E*oo 

9.137E+00 

6.5P9E-02 

t,969£-oj 

2.069E-01 

1.6.62E-01 

1.375E-01 

l.OTof-oi 

7,34?f»o2 

9.063E-02 

1.792E-02 
5.262E-02 
1.703E-1 I 
3.360E>02 

1.992E.02 

6.309E.0S 


1 ,U 2 E *01 

9, 192E400 

6.6o2t»00 
3.3&3E«00 
1 .Oo5E*00 
1 .3a5t-0l 
5,042t-0l 

9.252E-0S 

3.0:9t-oi 

2,325t-01 

2,053E«.oi 

-O.029E-O2 

«.3i tt-02 

I t 1 01t-O2 
2.255E-02 
", l92t-02 
5,3iSE-02 

6.542E-02 
6,1646-02 
1.529t-0l 
1.320E-01 
t .5A9E-01 
1 , 6 <j oE -0 1 
9,0o5E-02 
2.965E-02 
9.6UE-03 


2.403£*00 

1»7T7E*00 

1.933E*eo 

1,605E*OO 

6. 020E-01 

2,55oE-0l 

2.65ifc-0l 

1,66JE-C1 

2.913E-01 

3.759E-01 

1 .232E-01 

0.7O7E-O2 

6,I29E-02 

5.199E-02 

3.660£-C2 

7.222E-02 

9, 7C0E-C2 

i.l3lE-Cl 

1 .267E-01 

1.6O0E-O1 

2.057E-01 

2.369E.01 . 

2,369E»oi 

2,«04E.o1 

2,«3«E-01 

2.457E-01 


> 6*164E«o3 

’ 7 « 0 79£*02 
’ 9,nsE*02 
3,939£*02 
1.267£*02 

6,9j7£*01 

4,674E*0l 

Z,037£*oi 

Z.173£t0l 

9,405E*oO 

S,2«4£*00 

»,323E*00 

1.466E-01 
3»302E-Oi 
. I.590E.O1 
2.501 E-01 
2.49JE-01 
2.306E-OI 
2.106E-O1 
1.093E-OI 
1 .02OE-O1 
2. I26E-0] 
2..126E-01 

3.792E-01 

6.005E-01 

8»360C«0| 


3.7S7E+03 

1.115E+03 

«,9t4Ef02 

2.963E402 

1.298£t02 

l,06eE«o? 

9.52S€t0l 

X • 700E* 0 1 

9,667F«Oo 

2. 120E«0] 

«.157E*00 

6.404E*oo 

9.195E-01 

2,002E*0l 

i.e52E-oi ■ 

1.523E-01 

1.221E-0I 

1 .076£.0i 

9.601F-0A • 

6.205E-02 

6.796F-02 

2.279C..01 

2.279E-0I 

6.032E-01 

l,303E*OO 

1.969E*oo 


l*9|9£*o{ 

9.397E*oO 

6*5|0E«00 

3.3i5E*00 

9,048E«oi 

1 .9Sd£-0! 

5.035E-01 

9.252E-01 

3,O19e*01 

2.324E-01 

2.052E-01 

«,8j7t-02 

0.3UE-O2 

1 . 102E-O2 

2.2S4E-02 

9.192E..02 

5.315E-02 

6.542E-02 

8.164E-02 

1.029t-oi 
1 .320E-01 
1.509E-O! 
I.640E-01 
9.C05E-02 
2.964E-02 
9.802E-63 


2.90&E*oe 

2,098r*00 
2.295E*08 
1 ,93oe*00 
6.753E-01 
2.566E*0l 
3,389£-ox 
2,69ir-oi 
5-.042e-01 
3.7«0E*DI 

1»946E-(H 

7.99BE-02 

7.151E-02 

5.177E-02 

3,999£.o2 

7.306E-02 

l«020r-0t 

t.249E-oi 

I.9S9E-01 

1.75SE-01 

2.toir>oi 

2.387E-01 

2,'307E-0| 

2.912F«01 

2,435E*01 

2.9sae-fl| 


5.6l9C«00 

2«80OE4O9 

l,029£t00 

-7,823E-0I 

7.T3IE-01 

9.311E-01 

5,621£-0l 

4.432E-01 

«,l«7i-oi 

2.289£.ot 

l.9flJt-01 

2.117E-01 

1-.020E-01 

7.270E-O2 

9.011t-02 

1,58U-01 

2.I48E-01 

2,769t-01 

3,428E>01 

4.227E-C1 

5.068E-01 

5.729E-01 

5.729E-0J 

5.7781-01 

5,a27E-0t 

S.'87S£-0l 


1.5<l(tE-a6 
«.«86£-05 
3.682E-0S 
2.8B5E-05 
2.200E-OS 
■ P.243E-05 
R.090e-05 
4.290E-0S 
4.034E-05 
3.969E-05 

3.957E-0S 

4,326E-05 

R. babE-OS 
5,«3«E-05 

S. 272E-05 
5.276E-0S 
5,2S0t-0b 
5,28bE-05 
S,2a9E-0S 
5.294E-05 
5,290e-0S 
•5.304E-OS 

5,304£-o5 

S.304E-CS 

5,305£-05 

5.30SE-05 


6.607E-0S 

B.207E-05 

2.172E-0S 

9,90Ofc-O5 

3.143E-0S 

2.859E-05 

- 3 , 54 4E-05 

«,S74£-05 
5.008E-OS 
7,4091-05 
7.9b7t-0S 
. 1 .020E-O4 
1 . 160E-04 
1 ,4«5t-04 
X.6l6fc-04 
l,558E-0a 
1 »5«;t-04 
1.557t-04 
1 .572&-04 
1 , 5 70E -04 
1.577t-04 
t,576t-04 
1.S76E-04 
1 ,576 £-04 
1 .575E-04 
l«575E-04 


** CAMHa EPROM ?SI error 


5,029E-0S 

4.127E-05 

5.452E-0S 

а. 320E-05 
3.9&4C-05 
4.529E-05 
3.V06E-05 

б , 256 E -05 
6.962E-0S 
6.2l2£-0b 
e.254E-05 
6.937E-05 
7.391E-05 
5.663E-05 
6,642fc-05 
7.93VE-0S 
8. 256F-05 
7,958£-05 
7.653E-05 
7.b32E-05 
7.53iE-0S 
7,5eat-0b 

7,b64E-05 

7.566E-05 

7,560£-05 

7,569t-05 


1.946E-03 

1.S12E-03 

l.4ie£-03 

l.OoSE-03 

3.03U-04 

5»790t-05 

3.357E-04 

4.45aE-o« 

4,236t-04 

3.029E-O4 

3.S51E-04 

1. 3631-04 

1 .234E-04 

1.0831-05 

9.2341-05 

7,4691-05 

1 » 0671-04 

1 .S40E-O4 

2.0701-04 

2,5i3t-C4 

3 , 5 1 5 1 - 0 4 

5,1331-04 

5.2961-04 

3.004E-04 

1,0431-04 

3,876E-05 


1.042E-03 
4.936E-04 
2.3351-04 
2.247E-04 
2 , 226E-04 
1.792E-oa 
3.59.;t.04 
“.i»92E-fla 
5.796E-04 

3.92IE-04 

3. 3261-04 

3.7421-04 

1.0O7E-O4 

1.36&E-04 

1 .-707E-04 

2.965E-04 . 

4»103E-C4 

5.5741-04 

7.1331-04 

8.910E-O4 

1.267E-03 

1.B21E-05 

1 .021E-O3 

1 .006E-O3 

l,95«E-03 

1 .9971-03 


G-14 


TI“t 

I«32,00 
J«3?,09 
ifl^o«eo 
is^o.oo 
' i 55 o;oo 
Iftid.OO 

1670.00 

1730.00 

1790.00 

1036.00 

1836.00 
lOuO.OO 

1896.00 

1860.00 
1 a 7a , 00 
loaa , 00 

I89a,00 

1909.00 

1919.00 

1929.00 

1938.00 
1 9 y 1 , S 0 

1983.50 

1999.50 
|9«5,50 

1986.50 

UH£ 

1932.00 

1032.00 

1990.00 

1550.00 

1550.00 

1610.00 

1670.00 

1730.00 

1790, flO 
}8}6,00 

1856.00 

1886.00 
1086.00 
1860,00 

1879.00 
1 SBu , 00 

1899.00 

1909.00 

1919.00 

1929.00 

1939.00 

1993.50 

1983.50 

1999.50 

1995.50 

1996.50 


CROUP a ACCetfROHETtR MISALIGNMENTS 


position csti«*te error 

P 0 C 


velocity estimate error 

Roc 


1.056EtO3 

t.0l3Et03 

T. 69 iE *02 
R. 277 E 402 
1.965F*02 
1 . 92 PF 402 
1 . 629 E 402 
5 . 138 E 401 

U. 997 E 401 
5.9o9F*OI 
9,579^400 
9.668E400 
2.eo5£»Ol 

5.960E401 

“.eiOF-ot 
9.362E-01 
3.697F-01 
3,019E-01 
2.269F401 
1.316F-01 
7.387E-02 
1 .060F-01 
1.9RSF-03 
7.57aF-02 
3,lfl«E-02 
1.516E-02 


U 

1.092E*03 
1.0|2E'»03 
7.651F402 
9.26lEt02 
1 .957E402 
1 ,92aF402 
1 . 627 F 402 
3. t 36£40 I 
9 . 930 F 401 
S.893E«01 
’.673E*00 

9.786E400 

E.80 9F-0-1 

S.512F-01 

O.B92F-01 

8.370F-01 

3.707E-01 

3,05lE-ei 

2.282F-01 

1.328E-01 

7.536E-02 

l.OStE-Ol 

3.590E-11 

7.625E-02 

3.336E-02 

1.S50C-02 


1.037EfO3 
6.055E402 
2.252£tC2 
8.555E+01 
S,92aC40! 
fl,7l6£4(Ji 
5,9aa£*oi 
S. 31 OE 401 
3.978Et01 
3.61 1£40 i 
2 . 158 E 401 
2.73lE*0| 
8,?03E-0l 
1 , 385F400 
5.270E-01 
6 « 69 uE «01 
6.69SE.Q1 
6.861E-01 
7.199E-01 
8.079E-01 
'9.09AE-01 
1 . 19 RE 400 
1.198£400 
1 ,530Et0D 
2.6l 3E400 
3 , 955 E 400 


1 . 679 E 405 

2 . 990 E 402 

1 ,155£402 

9.866E401 

‘ 5 . 212 E 401 

5.511 E»0l 

8,995E40t 

3,'9»9E*01 

3.603E40I 

2.183E401 

1.175E401 

1.936E401 

3.997E-61 

1.307E+00 

9.87IE-01 

6.752E-01 

6.879E-01 

6.951E-01 

7.207C-01 

8.055E-01 

9.038E.01 

1.200E400 

1 (200E400 

I ..835E400 

2.617E400 

3,9SaE»0O 


1.7t7£*OJ 

3.99JE40? 

1.515E*02 

l.079F4(jy 

7.593F401 
5.95JF40J 
8 . 228 E 401 
2.892F40J 
1 .376E401 
2.97aE+0l 
9.03SE400 
2.59JI400 

5.5996.01 
2. 153F401 
3.329f.0t 
9.976f-0j 
A.272E.0I 
3..626E-01 
3.0S1E-01 
2.515E-01 
2.061E.01 
6.2356-01 
6.233F-01 
2.22SF*00 
3.690E406 
5.969E400 


1 . 061 C 403 

5 . 152 E 402 

2.576F402 

1.026F40? 

e.23lE»0i 

9.777E401 

A. 092 E 4 O 1 

1.852E401 

2.213E401 

O.166E901 

i.of’e+oi 

l. 93 aE 40 t 

9^l09f-0l 

S.025E.OI 

3,68bF-0i 

U.821E-01 

3 . 959 E -01 

3 , 9 «JE *01 

3.021F-01 

2.56aE-0l 

2.U5E*0l 

6.2oaE-Oi 

6 . 209 E -01 

2.222Et00 

3.638Et0o 

5.967E400 


S.359C400 

2 . 697 E 400 
2.079E400 
1 .9696400 
6.0O9E-OI 

6,149£.oj 

5.5996-01 

5.901E-01 

R.931E-01 

5.083E-01 

3,86?t«01 

2.713E-0I 

2.972t-ot 

9, 13<»F.-02 

8. 150E-02 

1.320E-01 

I.559E-01 

1 .739E-01 

1 .99JE-01 

2, 396E-01 

2.998E-01 

3.62SE-01 

3.720E-01 

2.017E-01 

6.353E-02 

1.061E-O2 

U 

3.319E400 

2.662E40I} 

2.061E400 

1.957E400 

8.750E-01 

6,t32£-0t 

5,567£-01 

5,9096401 • 

«. 9306-01 

5,O70C-Ot 

3,8656-01 

2.7216-01 

2.«a0£-0l 

9.226E-02 

8,2096-02 

1,3296-01 

1.570E-01 

1.753E-01 

2.007E-01 

2.36U£401 

2,9636-01 

3.6936-01 

3 . 780 E 401 

2.0376-0! 

6.5396-02 

1,9866-02 


2.328EYftd 

1.7797400 
1 . 163 E 908 
t.259E400 
1 . 067 E 400 
5.235E-01 
3.907E-01 
3.6«0E-0l 

9.4396-01 

S.OflCE-ei 

U.797E-01 

5.565F-01 

P.lftOE-Ol 

2.635F-01 

1,9236-01 

5.159E-01 

9.050F-0I 
9.911E-01 
5. 7306-01 
6.765E-8t 
7,8796-01 
8.6096-01 
8.6096-01 
8.7276-01 
8.8996-01 
8,9676-01 


1.9196*00 
1.832E600 
7.9956-01. 
9,8fl6f-Ol 
7,2506-01 
S.375E-01 
5.905E*0l 
' '9.1536-01 
S.877e-01 
8.67SE-01 
9,6«5F-01 
9.2076-01 . 
S.866E-01 
2.6996-01 
1.9706-01 
3.1126-01 
9.007E-01 
9.8896-01 
5.728E-8I 
6.771E-01 
7.879E-01 
8,6876-01 
8,6076-01 
8,7286-61 
8,8996-01 
8.966E-01 


1.912E400 

1.623E400 

1.601C400 

1.356E400 

1.329E600 

1, 0536400 

1.1076*00 

6.891E-01 

B.061E-01 

9.211E-01 

5.055E-01 

3.9196-01 

2,9j5.t-01 

l,695t-0l 

2.252E-01 

9, 1986-01 

5.799t‘-0l 

7.502E-01 

9.370E-01 

1.161E400 

1.9Q2E400 

t,595E*00 

1,5956400 

1.6096400 

1.622E400 

1,6356400 


8.3026-07 
P.3S9E-05 
9.6406-05 
6, 1276-05 
6.303C-05 
8,9456-05 
9,-2936-05 
9,3836-05 
e.654E-05 
8.056E-05 
8.0056-05 
9.177E-05 
9,942 E-o5 

1.1776- 09 
1. 1766-09 

1.1776- 09 
1.1766-09 
1,1786-09 
1,1796-09 
1. 1806-09 
1.18IE-09 

1.1826- 09 

1.1826- 09 

1.1826- 09 
1,1626-09 
1.182E-04 


2, 1076-05 
2.1576-05 
2.5526-05 
3,3276-05 
3.62RE-05 
5.9I3E-05 
5 , 93 at-os 
I ,0656-09 
1.199E-09 
1.3996-04 
1,8076-09 
2.17«6-C« 
2.9b3E-09 
2,96b£-09 
3.3O2E-09 

3.3626-09 

3.36JE-09 

3,3616-04 

3,3606-09 

3,3596-09 

3,3596-09 

3.3586- 09 
5,358E-0O 
3, 3506-09 
343536-09 

3. 3586- 09 


N 

U 

V 

2,6836400 

6,63ie-07 

1.750E-05 

2.1996400 

2,392E-85 

1.8226-05 

1.62(16400 

4.58VE-0S 

3,3596-05 

1.5596400 

6.0826-05 

3,8956-05 

1.5916400 

'6, 2816-05 

9,0216-05 

1.0976400 

8.9076-05 

5,6016-05 

i,0166>00 

9.27VE-05 

6, 8096. 05 

6.619E-0I 

9.398E-0S 

9,8936-05 

7,0786-01 

8.899E-05 

1.2836-09 

5,6l5e-01 

8,1226-05 

1,972£»09 

S.192E-01 

6.067E-05 

1,5176-09 

5.3B2E-01 

9.276E-05 

1,6656-09 

2.88^6-01 

1,0056-09 

1,9466-09 

1.6706-01 • 

1.1906-09 

2.7216-09 

2.2096-01 

1,1906-09 

3.3016-09 

4.162E-01 

1.1906-09 

3.3706-09 

5.625E-01 

1.1906-09 

3.3006-09 

7,5596-01 

1.1906-09 

3. 3706-09 

9,3686-81 

1.1906-09 

3.359E-09 

1.1816400 

1.1916-09 

3. 3536-09 

1,9026400 

1.1916-09 

3,3536-09 

1.5956400 

1.1916-09 

3,3596-09 

1.595E400 

1.1916-09 

3.359E-09 

1.8096400 

1.191E-09 

3.3596-09 

1.622E400 

1,1916-09 

3,3556-09 

1,6356400 

1.1916-04 

3. 3556-09 


'E 

ALTITUDE 

C 

RATE ERROR 

3.219E-08 

3.028E400 

e.550E-08 

2.865E400 

3.099E-05 

2,0656*00 

3,7b5E-C5 

1 .«72£*00 

3.535E-05 

8 . 0086-01 

3.9326-05 

8. 1 u a£-0 1 

S,390E-O5 

5.6076-01 

7,7006-05 

5.3406-01 

1.1636-09 

9,9226-01 

1.521E-09 

5.C78E-01 

1,5726-09 

3,0686-01 

1 .S53E-09 

2,7226-01 

1 ,67ae-09 

2 , 9 d C 6 - 0 1 

2.2N9E-09 

9,2236-02 

2.672E-09 

fl,2S l£-02 

2.672E-09 

l.3?9£-oi 

2,8736-09 

1,5706.01 

2. 6736-09 

1,7536-01 

2.873E-09 

2.007E-C1 

2,67aE-0« 

2.369E-01 

2,879£-09 

2.9b9£-01 

2,8796-09 

3,6o3£-0l 

2,6796-09 

3,7a0£-01 

2.675E-09 

2,0306-01 

2.675E-09 

6.5926-02 

2,6756-09 

1 ,9906-02 

W 

gamma error 

1,2176-05 

9.9B3E-09 

1,9516-05 

9,9126-09 

2. 2356-05 

9,973E-09 

3.537E-0S 

9,“l9t-co 

3,399F-0b 

2,8556-09 

3.7996-05 

2,bu2£-09 


9 , 9 ( 3 bE-os 
8.693E-05 
1. 0896-09 
1 .997E-0U 

■• 1 , 8996-09 
2.0826-09 
2.20b£-09 
2.57J6-0U 
2.7U1E-09 
2.b56E-09 
2.6936-09 
2.655E-09 
2.670E-09 
2.677E-09 
2.677E-09 
2.675E-09 

2.6756- 09 
2.675E-09 

2. 6756- 09 

2.6756- 04 


3,9096-09 
S. 3936-09 
6,226£-09 
6,5466-09 
8 . 179 E -09 
3.1576-09 
2,8;7E-09 
1 . 1696-09 
1 ,7666-09 
2.612E-09 
3.7996-09 
9.877E-09 

6, 2066-09 
6,5736-09 
8,1 J76-09 

1 .187E-C3 
1 , 2 i 7 E -03 
6.8796-09 

2 • 3b8£-09 
8,8626-05 


VELOCITY 
mac; ERROR 

1.369E400 

«,92CC-0l 

7,00o£-fll 

8.935E-01 

6.7O3E-01 

5,0526-01 

5.3096-01 

3,872E-ai 

6.117E-01 

9.3636-01 

9,6966-01 

9 . buuE-0 1 
9. 2756-51 
2,7236-01 
1 ,866£ -0 1 
2,9656-01 
3,7526-01 
9.969E-01 
S. 1 196-31 
6.387E-01 
7.785E-01 
8,5666-01 
8,5696-01 
■e.712£-0l 
8.89SE-01 
8.96SE-01 

P3Z ERROR 

9, 366E-00 . 

3.5266. 09 
3,a2SE-0u 
9,9906-09 
9,9906-09 
9.337E-0U 
6.982E-09 
8« 850E-CO 
9 ,aR 3 E-o« 

9.612E-C9 

8,e0o£-OC 

9.9666-09 

5,lU£-oa 

3.1336.09 
9.1856-09 
7.6556-09 
1 .1396-03 
1 .522E-03 
1.999E-03 
2.921E-03 
3.56DE-03 
5, C69E-C3 
■ , 0696-03 

.250E-03 

,9396-03 

,5506-03 


THE ANALYTIC SCIENCES CORPORATION 


G-15 


GROUP 5 ACCELEROMETER NONLINEARITIES 


TABLES WERE NOT PRINTED 




THE ANALYTIC SCIENCES CORPORATION 



0 

1 

t-k 

Oi 


TlMt 

143?. AO 
143?. 00 

1400.00 

1550.00 

1550.00 

• 1610.00 

1670.00 

1730.00 

1790.00 

1936.00 

1636.00 

1OU6.00 

1646.00 

1660.00 

1874 .00 

1604.00 

1694.00 

1404.00 
I’lO.OO 
14?4,00 

1434.00 

1443,56 

1443.50 

1444.50 

1445.50 

1446.50 

Tine 


143?. 00 
K33.00 

1490.00 

1550.00 

1550.00 

1610.00 

1670.00 
. 1730.00 
. 1790.00 

1636.00 

1636.00 

1846.00 

1846.00 

1660.00 

1674.00 

1604.00 

1694.00 

1404.00 

1414.00 
14?«.00 

1434.00 

1403.50 

1443.50 

1444.50 

1445.50 

1446.50 


«»0UP 6 «.„Tr AN. vr,T.CAt «rircT«0N5 


POSITION CSTlHATe 

* 0 c 


VriOCITY eSTIMATC tl»RO» 

" 0 c 


PLATfORM TJUT ESTIMATE 

R 0 


At-TITUCE 

RATE ERROR 


VELCCITr 
MAC ERROR 


THIS SEGMENT OF TABLE NOT PRINTED 


1.!«?7E*01 

?,?50Ef00 

■?»?51E*00 

’t63lC.02 

^373E-o 1 
?,148E-0l 
2^167f-oj 
I .034E-0J 

l.SllF-oi 

i,i69r.oi 

7»1??E-o? 

«,13?E-A? 

*»37iF-02 

4.3A9C.04 

fl.492F.ea 

4»269£.o3 

U 


8*144£«0q 

5.0?6f«oo 

6.T85£*00 

?.?fl0E-01 

?.364E*o) 

1 .656E.01 
?.0lA£.0l 
?.1I3F.01 
?t?3lE-01 

2.597E-0! 

3.?tt«»E-0t 

3.756E.01 

fl.fl60E-oi 

fl.O6ie«0l 

5,069E*01 

5.499E.0J 

7.042E.01 


fl,fl44E90fl 

4»133F.ei 

6^677E*oi 

1 f 0 36E*0 i 

5,059f.0R 

l,O49F»0i 

^275E-0i 

I «10St-0j 

4,473E-0p 

«^042F.e^ 

6,704E-0? 

5^5?4f.o? 

l,3Uf-0j 

I ^ 5 1 OF «0 j 

fl<56oe*0| 

7^400e-0i 

1.1?SE40a 


•1.847C.01 
1.547E-01 
8.667E*0? 
7,5?4E-0? 
S.I17E-0? 
3.4??f-o? 
6. I63E-0? 
8,?5 oE-C? 

1 .043E.OJ 

1.274E.01 

1.535E-01 

1.614E.0I 

?.04S£-01 

2.157E-01 

l«l6tE-0t 

5.8S?E«o? 

l.?4?C«o? 


4t601F»0? 

4.603E-0? 

1 .078F-0! 

’%149C-o? 

fl.304E-0? 

3.?17f.o? 

fl.4l9£-.o? 

6.518E-0? 

7.697F-0? 

4.096F-02 

l,07or«01 

1^?51E.01 

1.396F«oi 

K’396F«01 

l.«l«F-01 

UflSlE-oi 

1.446E-01 


uzeflE-oi 

l,l7aE»0l 

8. I70E-0? 

fl.S-7?e-0? 

3.?56E*.0? 

fl,697E-02 

8.522E-0? 

1.143E-01 

1.552t«01 

1.430E-0I 

?.364E*ot 

?.877t*0| 

S.26U«0t 

3.28IE-0I 

3.3|0e*0t 

3.340E»0l 

3.364E-01 


2.641E-05 

2.636E-0S 

?.«22E-05 

2.432E.0S 

3.2«6E>05 

3.24SE-05 

3,2«7f-.05 

3.249E-05 

3.250C*0S 

3.252E-05 

3.254E-05 

3.256E-05 

3.257E-05 

3.257E-05 

3,?5a£«05 

3.256E.05 

3.2S6£*0S 

u 


fl.626E*05 

S.23IE-05 

6.095E-0S 

6.&6iE-05 

7.790E-05 

8.S69E-05 

6.560E-0S 

e.5b5£-0S 

8.567E-05 

6.5b6£»0S 

8,566£-05 

8.565E»0S 

8.565E-0S 

6»565E*05 

8a56SE.0S 

6,565E»05 

8i565E-05 


2.450E-0S 

2.496E-0S 

2.501E-C5 

2.746E-05 

3.544E-05 

4. 108E-0S 

4.108E-05 

4. 106E-05 

4.I06E-05 

4.U7E-05 

fl.l07E*eS 

fl.l57E-0S 

fl,ie7£-0S 

fl.l07F-05 

fl.l07£-05 

4.107E-05 

fl.l07£>05 


1.696E-01 

I .596E.01 

6.658E-02 

7.523E-02 

3.J23E-02 

3.425E-02 

6, 170£.02 

8.257E-02 

1 . 04 3£*0 1 

ti?79E.ei 

1.535E-01 

1.614E-01 

2 1 095E »0 1 

2,156E»01 

1 • U1E»01 

3.656E.0? 

1 . ?4 1E>02 


1.70SE«01 
9.32SE-02 
7.200E-02 
6,614E-02 
3.980E-02 
3.259E-02 
5, i95E-02 
6.754E-02 

8,025E-02 

4.149E-02 
’ 1.040E-01 
J.224E-01 
1 1 30 3E«0 1 
1,383£»01 
l.flObE.Ol 
l»fl?7E»0l 
1»44S£«01 


6AMHA error RSI ERROR 


1.*aR3Eaqj 

2,272E#00 

2.26oFfO0 

4^570f.o2 

1.3*?F-oi 
2^200f »oi 
2tt7oe-M 
1 ,O38f-01 
1,5J5E-M 
1 , ! 74f-ni 

7, 163F-02 
flt?05E-02 

6.292E.fl2 

1 .07flP-09 
fl.4j2E-02 
l,4SO£-02 
8.114E*03 


THIS SEGMENT OF TABLE NOT PRINTED 


««137e«0Q 

2,7]4E*oo 

fl,8U!E*0fl 

1.A7SE.01 

2.146E-01 

I.609E.01 

? . 030E-0 J 

?,13f)E-01 

2.286E-01 

2.59SE.01 

3.?47E-01 

3.757E-01 

4.463E-0I 

fl.463E-0l 

5.093C-0I 

6.001E-01 

7.093E-01 


®,344E9a® 
. fl»3l7E90e 
«^787E*0« 

2^2?«f-fl{ 
1 ,046E-0l 

l^naf-01 

l,?5lE-0j 

U065f-o| 

4,205E-Or 

8t026E-0? 

6,737E-0? 

5^543F-o? 

1^304E.oJ 
1 <30aE-Oi 
fl.S76E-0j 
74899E«0{ 
1.125£f00 


1.845E-01 

1 ,546E»01 

8.6S0C-C? 

T.523E.0? 

3.I23E-0? 

5.425E-02 

6.170E-0? 

8.2S6E-02 

1.043E-01 

1 .279E.01 

1.535E.01 

I.614E-0! 

2.09SE-01 

?.156£.01 

1.161E.0I 

3.85SE-02 

1.240E-0? 


1 |636E»0J 

I. 052F-01 
6,786C-02 
6.030F-02 

J. 6.49E-C2 
3.1STF.02 

fl.960f-02 

6.a78F-02 

T.630E-02 

4.I25E-0? 

1 .070f-01 

l»2«6E-oi 

1.59«f.e| 

1.344JF-01 

1,«11F-01 

lt«?6E.oi 

1.445E*ei 


1.205E»D1 
1.04SE.01 
1 .171C-01 
6.03IE-02 
3.T78E-0? 
4.736E-02 
8.ft9Jt-02 
1.I83E-01 
l,5a5£.oi 

1.42SE-0I 
2,366E*01 
2.879E-01 
3.262E.01 
3.262E-01 
3.3DE-01 
3.341C.01 
3.370£«0 1 


2,6fi8E-05 

2.646E-05 

2.83OE-05 

2.4a7E-05 

3.265E-05 

3.264E-05 

3.265E-05 

I. ?66E^05 
3.266E-0S 
3.267E-05 
3.268F-05 
3.268E-05 

J. 264E-0S 
3.269E-0S 
3.269E.05 
3.270£«05 
3.270E-0S 


S,I08E«05 

3,238E-D5 

fl,534E-0S 

5.17IE-0S 

7.292E-05 

8.569E-0S 

8.54U-05 

8.5I4E-05 

8.539E-05 

6.559E-05 

6.564E-05 

B,56«E-05 

8.562E-0S 

0.562E-OS 

8.562E-05 

8,S62£-05 

8.S62E-05 


«.210E-0S 

fl*803E>*QS 

4.772E-05 

5,03bE-05 

fl . 466E-0S 

4.093E-05 

fl. 149E-0S 

4.204E-05 

fl.l53£-05 

«.U2E-0S 

«,09VE-0S 

fl.iooe-05 

«,103E-05 

4.103E-OS 

fl, 103E-05 

4.104E-0S 

4.104E-0S 


2.477E-04 

2i708E*04 

1 * 39 5E.Q4 

1 . 176E-04 

5.134E-05 

6,S45E-05 

1.029E.04 

1.426E.04 

1 .090E-04 

2.414E-04 

3. 1 36£>04 

fl.637E-04 

6«6G0£>0a 

6.076E-O4 

3.873E-04 

1 ,3o6E>04 

fl. 36 1 £»0 5 


2,063£-0« 

1.073E.04 

2.07SE-04 

I . 069E.04 

7,069£-c5 

8.47JE-05 

1 .603E-04 

2.305E«04 

3.113E-04 

4,etie-oa 

4.977E-04 

7.3I2E-04 

1.C45E.03 
1 .Ou3E>03 
l|0OlE-0i 
1.I20E-03 
1.14SC.05 


THE^NIALYTIC sciences CORPnBz.-rir.., 



G-17 


CBOUP 7 CYRft BIAS rjBiFT 


POSITION £sn«ATf eRROR 
R 0 g 


t«3?.00 

i«Ro,oe 

1550.00 

1550.00 
JfclO.OO 

1670.00 

1730.00 

1790.00 

1036.00 

1936.00 
ifluo.oo 

19«6,00 

1960.00 
137«,00 

1994.00 

1894.00 
I’oa.oo 

1914.00 
1^29.00 
I’Sa.oo 

1941.50 
1R43.S0 

1944.50 
I’US.SO 
1R96.50 


R.393C*03 
«.39fl£to3 
3.131E^03 
i,«99e*o3 
6,896E*02 
9.9?UF*02 
3,504f *02 

9.4«4Et01 
’.S06E*oi 
1.J63£*02 
2.23lftot 
2«I’4 E+oI 
7.4636-01 
1 • lfl6E*oO 
9.107E-01 
2.3?9E-o1 

1 .SO6E-0J 
8.344E-02 
6.733E-02 
6,u54E-o2 

0.955E-O2 
3.003E-01 
6.800E-03 
2.236E-01 
9.701E-02 
9.720E-02 


7,?69E*o5 
3.740E+03 
1 .74?£*03 
5.510E*02 

4, «17E»02 
2.76?E*02 
1 .9aeE*o2 

I . M 7E*o 2 
1 • 07l E+02 
9i956t'*0J 

5,099£*o| 

5. fi9flE*01 
1 .6JOE»00 
3 1 744E* 00 
1 , 34fl£t00 
1 » 30 U £*00 
1 . 297E*00 
1 . 53 J t *00 
1.942^400 
I » 7d| E*0O 
2.185£*00 
3.412 e*0Q 
3.013E»00 
5,«9?£*oo 
7,927E*00 

1,027£*oj 


VFtOCITr rSTI»AT£ CffRoir 
R 5 j 


3.727E403 
2.065E*03 
1.857e+03 
5,337 E*c? 
5.293E*0? 
1 .994Eto? 
1.486F+0? 
7.660E*oj 

5 . 4 i O'E ♦ 0 1 
0.973EtO) 
9.6! 4E*Oo 
6»O30E*Oo 
1 .234Ft0o 
6.761E-0, 

l , 339 Ef 0 o 
l.524Et0e 
1 , 32 Sf*Oo 
1.1376*00 
9,623f-0t 
7.938E-01 
6.453E-0I 
1.799E+00 
1.79aE*0o 

S,935f*Oo 

1.014E«0t 

1.«39e*0i 


platform tilt LSTlKArE 

R P . 


7,22St*00 

9i029E*oo 

9.979E+00 

fl.595E*00 

2.163E*00 

I.525E*00 

1.37lE*00 

7.350E-01 

4.944E-01 

7.68JE-01 

5.905E.3J 

5.938E-0J 

5.l7tt-0i 

1.967E-01 

2.O09E-O1 

3.423E-01 

«.123E-0t 

а, 675E-01 
5.«S4E-ot 

б , 49 oE»oi 

9.4486-01 

1 .059E + 0P 
1 . 087E*00 
5,9l0fc-oi 
1 .80ft£-ot 
5.731E-02 


9.175E400 
I .207E601 
7.S13E*00 
2.77«Ft00 
2.699E«00 
3.0l9Ft00 

1.457f*oo 

ltOv7E*00 
1 .059F*oo 
1.20Sf*oo 
U107E*0C 
t.333E«oo 
1 ,03bE«0O 
7.333E-01 
6,630E‘-01 

1.062F.too 

t,i02f*00 
1.502E*00 
I.695F*00 
I.957F«op 
2.2«6E*00 

2.«57e+oo 
2,437F*0O 
2.471F foo 
2.504F+00 
2.537t*eo 


9.3oat«00 
9.212E*00 
9.|66E«00 
7,331E*Ofl 
a.979fc*00 
«.7B4L*00 
3.9996600 
2.3546*00 
2.3606*00 
2.0216*00 
!. 1806*00 
a,95&6«01 
8.t5SE«01 
4.0806-01 
5.3&7E-01 
1.0076*00 
t.43?£*00 
*00 

2,559E*00 

2.93«6*00 

3.6026*00 

«,1536*00 

4.1536*00 

4,1936*00 

4.2536*00 

4.2726*00 


4.774E-06 
1 .914E-04 
3.O53E-04 

i, 2206-04 
3.324E-04 
3,inC-04 

2,8126-04 
2,4036-04 
2,C8«E-0« 
l,82bE-0« 
1 .837E-04 
2.2036-04 

2,29e£-04 

2. 6126-04 

2*7?6£-04 

2.726E-04 

2.7256-04 

2,72«E-04 

2.723E-04 

2.7236--04 

2,7226'-04 

2.72JE-04 

2.72JE-04 

2.721E-04 

2.721C-04 

2.721E-04 


7.599E-0S 
9i697t-05 
1.1536-04 
1.3816-04 
1.66U-C4 
1.6476-04 
1 ,609£-oa 
2,4526-04 
2,7996-04 
3.335E-04 
4.5566-04 
4.9126-04 

5.5066- 04 
6,6546-04 
7.51SE-04 
7,5146-04 
7,5156-04 
7.5126-00, 
7.5116-04 
7.5106-04 
7.5096-04 
7,5086-04 
7, 5C86-04 

7.5066- 04 
7 , 5086-04 
7,5076-04 


9.569E-06 

6. J04E-05 
1.005E-04 
1 .493E-04 
1 .420E-04 
I.U90E-04 
I .8656-04 
2.551E-04 
5.477E-04 
4.4C5E-04 
4.501E-0O 
4.4856-04 . 
4.8006-04 
6 , 52&E-04 

7. U30E-04 
7.451E-04 
7.4336-04 
7.43JJE-04 
7.O35E-04 
7.437E-04 
7,4386-04 
7.439E-04 
7.439E-04 
7.039E-04 

7.U39E-04 
7.439E-04 


ALTITUDE 
rate 6RR0R 

9.5296*00 
8.5506*00 
7,0306*00 
4,6i2t*00 
2, 1956*00 
l.5?96*00 
1 .3776*00 
7,3716-01 
4,9 u96-oi 
7,bh96-01 
6.001E-01 

5.9726-01 
5.1966-01 
I .9946-01 
2.0296-01 
3,4ft9E-0I 
4.1516-01 
4.7056-01 
5,4076-01 
6.5296-01 
6,4806-01 
1 ,0646*00 
1, 026*00 
5.96U-01 
1.9286-01 
5,9946-02 


«.!94F*03 
4.3256*03 
• 3 . M 4 E * o 5 
l.«93F*03 

6.859E*02 

4. 4116*02 
3.4996*02 

9,4586*01 

*>.466E*M 

1.1586*02 

2.2536*o: 

2.220E*01 

7,5076-01 

1.1986*00 

4.0S66-01 

2.2826-01 

1,4746-01 

8. 3566-02 
7,1 396-02 
6, 5936-02 
9.3116-02 
2.9726-01 
9,5946-1 j 
2.2296-01 

9.792F-02 

4.014E-02 


5. 2226*03 
1 ,723£*o3 
3.5656*02 

4.59j6*02 

3.0626*02 
I • 7566*02 
2.233£*02 
I .2706*02 
l.lj7t*0? 
6,206E*01 
2.8026*01 
«.207E*01 
fi. 1406-01 
3,3486*00 
1 , 1 766*00 
1 >3366*00 
1 . 3556*00 
1 « 3616*00 
1 . 4U6E *00 

t *7766*00 
2. 180£*00 
3.416 £*oo 
3,«16E*oo 
5.499£+oO 
7,8356*00 
I *026£*01 


6,409£*05 

3^9906*03 

2.5u2F*03 
9. 1146*02 
6,2066*02 
2.938F *02 
1,1016*02 
4.690E*0i 
4.478 E*oj 
1.046E*O2 
4 , 360E+0 1 
■4.1 656*01 
I .8746*00 
1.8846*00 
1,4946*00 
1.4976*00 
1,2676*00 
I.IOIE+Oo 
9,5616-01 
9. 0846-0] 
6.5976-01 
1.79je*00 
1.7936*00 
5,920EtOo 
1,0136*0] 
l,438£f0i 


7.1696*00 

8,069E*oo 
6,9786*00 
4,54tf*00 
2,1496*00 
1.5146*30 
1 , 3636*00 
7,3446-01 
4.9556-01 
7,6786-01 
9.0036-01 
5.9766-ot 
5.199E-01 
1.9956-01 
2.0286-01 
3,4496-01 
4.1516-01 
4.705E-01 
5,4876-01 

6,5296-01 

6.4696-01 
1 .OOuE.qo 
1.0926*00 
5,9616-0} 
1.9276-01 
5,9836-0? 


5,0«2E*00 
a-TiaTF + oo 
2.4126*00 

2.«5|F*oo 
1 .464F400 
1.3S5F«00 
l,459F*00 
1.0756*00 

I ,597Ff6fl 
2.0236*00 

l.lSVFtOO 
1.1186*00 
1.0i9FtOO 
7.524F-01 
*,7«5F-0t 
1 . 0566*00 
1 .2806*00 
1 .4936*00 
1.6946*00 
1.9frie*00 
2.2506*00 
2.4396*00 
2.4396*00 
2.472F*00 

2.5C5F+00 

2.537E+00 


t«209E*0} 
i*46ie*ot 
1,0836*01 
7,a77t*00 
7,3tt7E*00 
5.4956*00 
4,000b*00 
2,3426*00 
2i080t*e.0 
t .2016*00 
1.12(16*00 
1.1516*00 
9,3916-01 
3.7006-ui 
5.2106-0! 
1.0136*00 
1 .4406*00 
1.9906*00 
2.3596*00 
2.9306*00 
3.5996*00 
4.1516*00 
4.1516*00 
4,1926*00 
4. 2326*00 
4.2716*00 


2.0906-06 
1.9116-04 
3, 0466-04 
3,2146-04 
3.320£-04 
3.1086-04 
2.8UF-04 
2.402F-OU 

2,0fl3E-fi4 

1 .026.F-04 

1,8356-04 

2,2086-04 

2,JObE-04 

2.9306-04 

2,7496-04 

2,7476-04 

2,7«o£-04 

2.744£-04 

2.7436-04 

2.7416-04 

2,7406-04 

2.7396- 04 

2.7396- 04 
2.739£-04 

2.7386- 04 

2. 7386- 04 


CAMMi ERROR P$l £Rrqr 


9.1936- 05 
7,2776-05 

1.1936- 04 
U33?6-04 
1,5486-04 
1 ,4546-Oa 
1 ,6546-04 

2|320b«04 

3, 1536-04 

4.2146-04 

4.3206-04 

4,2966-04 

5,0086-04 

9, 1 456-04 

7i 3396-04 

7,5566-04 

7.6006-04 

7.5596-04 

7.5156-04 

7,4966-04 

7,4966-04 

7.5016- 04 

7.5016- 04 

7.5016- 04 

7.5016- 04 
7.5026-04 


4,5276-05 
9.0536-05 
9.7286. OS 

1,5436-04 

1.5526-04 

1 , 68 «e- 0 « 
1.8286-04 
2.9726-04 
3, 190E-04 
3.S73E-04 
4.5176-04 

5 ,0566-04 
5,3156-04 
9.795E-04 

7,5986-04 
7 , 3606-04 

7,3366-04 

7.3796-04 

7.4246-04 

7. 4446- 04 

7.4446- 04 

7,4406-04 

7.4406- 04 

7.4406- 04 
7.439E-04 
7,‘4396-04 


1,4096-03 
1.3976-03 
1 .S04E-03 
1,3726-03 
6,4996-04 
9,6406-04 

9.9036-04 

R, 5326-04 
0.1266-04 
4,4046-04 
4.438E-04 
3.4366-04 
3 , 1 09E-04 

2. 43U.Q4 

5.U7E-04 
0. 5136-04 
1.1496-03 
1.4826-03 
1.9656-03 
1 .9al6-03 
2.3646-03 
3, 4796-03 
3.5676-03 
2.0226-03 
7 ,0366-04 
2,6596-04 


2, 1546-03 

2.5086*03 

2.3716-03 

2. 1826-03 

2,1446-03 

2.2046-03 

2.559E-03 

2,4266-03 

2.9386-03 

2.0566-03 

1.9316-03 

2.0396-03 

1,1336-03 

9.9436-04 

9.8776-04 

1.9126-03 

2.8126-03 

3,8086-03 

4,9066-03 

9.1136-03 

9,1426-03 

1.3196-02 

X. 3*96-02 

1 .3686-02 - 

1,4196-02 

1.452£-0'2 



GE IS 

GlTy ^ G -18 


iv S: 


Tr^e 

J«32.00 

J«i2.eo 

i«’o,eo 

i^?o.oo 

1550.00 
. 1610.00 

1670. 00 

1730.00 

1 790.00 
1 ®l6, OO 

1636.00 
16^6. 0 0 
1 6<J6 , 0 0 

1660.00 
187«,oo 
1664.00' 
|69<j,oo 
1904,00 
1’1«,00 
l'»?4.00 
1^34,00 
I’^S.So 
1’43,50 
1944,50 
1’«5,50 
1^46,50 


JOSITZON ESTlMiTf FRfiOff 
0 C 


’.S3Jt*02 

’.59^e♦o^ 

^•399Et()2 

* 5.1b3f*02 
2.380EtO2 
I .963 E*o 2 
l»67flF*o2 
3,188e.01 
5.C97e*01 
6,235 e*01 

1.423Ef0i 

■ 1.509F*oi 

6.O80F.OI 

l.OlPEtoO 
3.’32 E-oI 
1.686E-01 
1.517E-01 
l.?'»2E-01 
1 .023F-01 
6.128E-02 

6.574E*02 
1.297E-01 
660F-03 
9.479F.02 
4.367E-02 
2.697E-02 


time 

1432.00 

1432.00 

1490.00 
. 1550,00 

1550.00 

1610.00 
1670,00- 

1730.00 

1 790 . 00 

1636.00 

1636.00 
]6u6,O0 

1646.00 

1660.00 

1670.00 

1654.00 

1694.00 

1904.00 
* 1910,00 

1924.00 
19)4,00 

1943.50 

1943.50 

1944.50 

1945.50 

1946.50 


4.710£*02 
2. I69£*02 
1 • 22 1 E *02 
«.932E*oi 
6,43oE*0| 
6.45SE*01 
6,320E*0J 
3, 1 76£+oi 
4.602E+01 
4.603£*01 
3,296c*01 
4«345£*oi 
I.l97£f00 
?.«97£*oo 
6.J2IE-01 
1»029£*oo 
9.96flE-oi 
9.695E-0I 
9.OI3E-01 
9.500E-01 
I • 0 I OE*oo 
1.473E+.00 
1 .«74£*oo 
2,760e*oo 
4.275E*oO 
5.655E+00 


5.591F+02 
2,50flE*0? 
1.233E*0? 
1 .477E402 
1.004£*02 
7.229£t0l 
9.42 )e*0i 
2,676F+0i 
1 . 765 Eto. 
2.612 e*oi 
5,67iE*oo 
4.269E+00 
5.727E-01 
2.6S7E-01 
4.502E-0J 
6,427f-0t 
5.5I2E-0! 

4.671E.0,* 
3.920E.O, 
3.238E.0I 
2.653E«0i 
7,063£-Oi 
7, 06oE*O f 
2.579 e*oo 
4.«67E*0o 
6.37l£tO0 


vevoctrr tsTiKjte 

® c 


I.979£*oo 
^# 63PE*00 
1 ,6d7E*00 
1 •466 £«oO 
7,196£-oi 
7 , 320E*0 1 
7,I14£-oj 
5,645£.o{ 
3.1i4t.ot 
3.539t-oi 

2 , 69 ot«o j 

?,670£-01 

^.267E.o, 

1 . 367E.01 
1.239E-01 
I.903£.01 
2.107E-01 
2,212E-01 
2«42ot''»01 
2,75b£«o| 
3.524t-oj 
4.453E-01 
4 , 56 I £«o 1 
2.459E.01 
6,056£»02 

2,669t«02 


l*434Ffj)o 

U162E400 
fl.3««£*0j 

9-,603C-o1 
7,390f»0I 
6.325C-01 
6.420E-OI 
5.6OIE.01 
7,9o7E«fl| 

6, 9fr4£«oj 
6,79u£«oj 

1«S15E400 
7,1 79E»o ! 
4,6tSf.oi 
3*39i£-01 

S.502E-0I 

7.146E-0J 
«.72ft£-oi 
1 , 026 F «00 

1 •2t£F*oo 

l,427£«oo 
1.566£^oo. 
1.56eEt0O 
l,59oef0o 

l,6lt£«00 
1,632E»00 


plitfohm tilt estimate 

0 


9.487P*02 
9.553E*02 
7,363£*02 
5,U3£*02 
E.379£»02 
1,957F*02 
1 ,667ff02 
3.189 £*o1 
5.079£»oi 
6,2| 3Ef01 
l.«37£*oj 
1 .608£toi 
4.133E-01 
l»02Ut00 
3.9i5f-oi 
1 ,668 £-oi 
1.517E-01 
1.262E-01 

1.035£«o1 
6.105E-02 
6,65lc-02 
1 .267E-01 
4.I51E-11 
9,3«IE-o2 
4.1 I4E-02 
1 • 706E-02 


5.012E»o2 
1 »582£*02 
1 .43et*02 
I.118E*02 
5.023£toi 
7,444£*oi 
9.731£*o| 
3,44.4E*0| 
3,449£*01 
2.67S£ + 0|. 
l«769£to| 

3,1 eo£,oi' 
6.026E.01 
2 , 3 30 £ ♦ 00 
5.525E.01 
I . 946E400 
1 »025£*00 
9,83o£-0I 
’.«il£-01 
9.474E-0I 

1 » 0 J 2£* 0 0 
1 .475£>00 
1.475f*0o 

2 , 76SE *00 

«.275E*oO 
5,eS4£«00 


u 


9.7«3E-o 1 
}.029£f00 
1.139E*00 
9,327 £-oi 
7,90lt-ol 
7,965£-0| 
l,0«Ofcf 00 
6.4I62E-01 
fl.502t-.01 
9,698£-01 
5.993t-Cl 
4,6blE-01 

2.650E.OI 
l.OOlfc.oi 
2^6«3E-0i 

4.69U-OI 

6,fl3St-0l 

fl.67TE-oi 

r. looE^oo 

1 . 362E * 00 
1 ,6.42L*00 
l.fl64E*00 
'! .6b4E*oo 
1 t^OOt^-OO 
l,A96E«oo 

1,9J2£*oO 


l.«16e-06 

1 ,SOOE»05 

3,120£-oS 

4.365E-05 

«.283£-ob 

6.253E.0S 

6.627E-0S 

6,V06£-o5 

6.37efc-oS 

5.992E.05 

5.966E-05 

7 • 726£“0S 
6.726e-o^ 

I.094E--04 

1 »07-&E»04 
I*®77F-04 
1.079E-04 
1,OSOE-O0 
1 .C 62 E -04 
1 • 0 Bi £»04 
1.0A5£*04 
i,06b£.04 
i • 0A6£f04 

1,O06E*O4 
1 *06bE«04 

1 • 086£«04 


1 .628E-05 
2.1 OOt-05 
3,23bE»05 
4,196fc-0S 
5,5b7£-0S 
6,724£»05 

7, 012E-0S 

I .206£»oO 
l«3ce£-.a4 

1 » 5S5E -04 
1 1 92SE -04 
2,426£-04 
2,fli9E-04 
3.4526-04 
3.921E-04 
3.921£«04 

3,92U-04 
3.92JE.04 
3 « 92 1 £-04 
3.921E-04 
3.922E-04 
3.922E-04 
3.922fc-04 
3,922t-00 
3.922t-oa 
3.922E-04 


S.400£t0? 
3.055£f02 
1.227f*o? 

1.3922*0;; 
1 .06l£*o;> 

6.39oE*Oi 
5.92d£*0| 

2,5«7E»o. 

3.547£*o* 

4.«75Cf0i 

2.flI5E*0i 

3,Obi£*oi 
1 • 1 60 £f On 
9.072E-01 
S.229E-01 
6.152E-0I 
4. 9722-01 
4.363C-01 
3.8792.01 
3,3112-01 
2,7232-01 
7,054£-oi 
7.0S4E-01 
2.5766*00 
4.467£*00 
6,372E+0fl 


1.638E-06 

6.494£-0b 

2.237E-05 

3,02«E-oS 

i.l07£-O5 

4.010E-05 

6.238E-05 

1 , 164E-04 

1.804E-04 

2.4772-04 

2.532E-04 

2.461E-00 

2.777E-04 

3,7392-04 

4.417E-0O 

4,417E-04 

4,417E-04 

4.0UE-04 

4.416E-04 
4,415E-04 
4.415E-04 

4.4152- 04 
4.4ISE-04 

4 . 4152 - 04 
4.415E-0O 

4.415E-04 


VEtOClTY 

«47£ error 


1.95of*oo 
2,009 £*oo 
1.661£*oo 
1.4512*00 
7.1 I 7E-01 
7, 268E-0 1 
7.089E-0I 
3. 6522-01 
3.106E>0t 
3.S29E-0I 
2.707E-01 
2.90$e-01 
2. 3072-01 
1 .407E-01 
1.252E-01 
> .9222.01 
2.1292-01 
2, 23 6E-0 i 

2. 44ijf .0 I 
2.8102-01 
3.54 JE-ot 

4.464E-01 
4.575E-01 
2.4992-01 
fl.U8E-02 
2.5682-02 


1 .99b£*00 
2,047t*C0 
1.6922*00 
1 .4662*00 
7.1872-01 
7.3252-01 
7.1462-01 
3.6532-01 
3.099E-01 
3.5272-01 
2. 7o6E-oi 
2.900E-01 
2,3o 7E-01 
1 . 4 o6t - 0 1 
1.2522-01 
1.9232-01 
2» 1 302-01 
2.2362-01 
2.4442-01 

2.6i 12-01 

3.5412-01 
4.4h4£-oi 
4.573E-01 
2,5o0£-01 
6.1232-02 
2.5v4£-o2 


l*0?i£*oo 

9.750E-01 

1 . 5 ?«f *00 
9.8112-01 
6.38-7E-01 
7 , 7$o2-o| 
9.27SE-01 
6, 77«l2-0l 
9.6S0F-0J 
6.669C-0J • 
3.010E-01 
5.63ie-oj 

5.5352-01 

4.170F-01 

3.3|eE-0i 

S.550E-01 

7,2592.01 

«. 8052-01 
I ,0?7F*00 
1,2162*00 
I . 

1 , 5 6 7 E *0 0 
1 ,567f*oo 
I , S86E *00 
1.6tOf*O0 

1 ,6302*00 


1,4352*00 
^ I.?73E*00 
* 1.015E + 00 
9,3olt-oi 
8,7962-01 
6.6042-01 
7.97«t-01 
5.4732 -01 
6*«6t£-0i 

9.9t.7f0l 
9,38«E-0| 
9. 5l IE-01 
5.?77E-oi 
2*7192-01 
2*7292.01 
4. 6532-01 
6,7JO£-01 
8.79lit-0 I 
1 » 099 t *^00 
1 * 3642*00 
1,6442*00 
1 *6642*00 
1.8642*00 
1,8812*00 
1.6972*00 
1.9lJlt*00 


M . 


9. 763E-01 
9.1782-01 
9,306E-01 
6.684E-01 
9.0422-01 
7.0342-01' 
6. 194E-01 
5.7902-01 
9.646E-01 

9,1352-01 

5.2a7E-oi 

9.4212-01 

5.9172-01 

4.3562-01 

3.319E-01 • 

5,476E-oi 

8 . 9602-01 ' 

fl.282E-0l 

9.453E-01 

1.1692*00 

1.413E*00 

1 . 56££*00 

1 .562E + 00 

l,56oE*oo 

1.609E*00 

1 .630E+00 


8.63E2-07 
1. 4442-05 

3,^442-05 

4.306E-05 

4.227E-05 

8122-05 

8.9212-05 

6,4|9£.o5 

8.0562-05 

8.0452-05 

7,8282-05 

8.64^2-95 

1.1072-04 

1.0902-04 

1.0912-04 

1.091E-0XJ 

1.0922-04 
1.0932-04 
I.C932-04 
1.0942-04 
1 ,095t.04 
1 .0952-04 

1.0952-04 
1 .0952-04 
l.fi95£-0« 


1 .294E-05 

1.9312-oS 

3,494£-(JS 

4,4852-05 

5.387t-0S 

5 . 883E-05 
7.01 1 £-05 

9,7b9t.i)5 

1.289fc-04 

2,S«0t-04 
2,630t-04 
2, 70 3fc-04 
3.'2i3t-04 
3.9012-04 
4.0662-04 
3,8762-04 

3,6422-04 
3,6752-04 
3. 9132-04 
3,9282-04 
3.9272-04 

3 , 923t-o{( 

3. 9232-04 
3.9232-04 
3,9222-04 
3.922£.04 


1. 0072-05 
1.1342-05 
1.9322-05 

2.6742-05 

3.SS2E-0S 

^.2l4E-0S 

fl.2Sb£-05 

1.3632--04 

1.8162-04 

1 .450E-04 

1,7662-04 

^.172E-04 

2.3022-04 

3 , ^ 622-04 
‘^.a8lE-04 

",«5lE-04 

«.“fl32'-e« 

4.454E-04 

«.«21E-04 

4. ‘J07E-04 
9.408E-O4 
9.411E-04 

9.411f-0a 

«.«ia£-04 

«.4l2£-04 
«.912E-04 


CAMM* EHKUR 


3.2992-04 
3.3882-04 
3,666£-04 

4,4(542-04 

2.1592-04 
3. 3l 72-04 
S. 2852-04 
8392-04 
4,196£-04 
3,3o6t-04 
3.4332-04 
1 • 8 u52-o 4 
1 .8312-04 
1 .0712-04 
2.1262-04 
3.5592-04 
5.0552-04 

6, 8b 1 2-04 
8.9322-04 
8.7982-04 
9.9912-04 
1.4722-03 
1 .505E-03 
8.571E-04 
3.0552'-<)4 
1 .2(^32-04 


a. 1902-04 
1.995E-04 
a . 1 362 -04 
a,67bE-04 
f.520E-04 
7252-04 
5.oaaE-ou 

5.667E-04 
9, 03CE-04 
1 . 7062-03 
1 .606E-03 
1.665E-03 
^.3532-04 
5.102E-04 
5.1 70E-04 
9.16CE-04 
1.3UE-03 
1.7722-03 
a.asoE-oj 

a.845£-03 . 

4.1762-03 

5.9252-03 

5.925E-03 

8.139E-0J 

8.362E-03, 

9.503E-03 
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POSITION estimate 

ERROR 

VELOCITY estimate 

time 

R 

0 

C 

R 

0 

1«32,06 

5,209£401 

1,H4E*02 

9,930E*0l 

2.347E-01 

3.6361-01 

1932.00 

5.459f*ei 

4,70»E*0l 

5,063E*0l 

2. 9021-01 

2.936E-0I 

1496,00 

«. 7671*01 

1 .95U£*0t 

3.0741+01 

2.8231-01 

2.293E-01 

1550.00 

.5,6auE*01 

2,3756*01 

2,423f*0l 

3.096E-01 

2.9ME-0J 

1550,00 

2.722E*0l 

2. 0311*01 

2.394E*0i 

2,1521-Ot 

2.629F-01 

. 16J0.00 

2.7651*01 

1 .46JE*01 

1,4996*01 

?,563fc-01 

1 .817E-01 

1670,00 

2.9426*01 

1 ,0086*01 

1.597F+OJ 

2, 123E-01 

1.751E-01 

1730.00 

7 .9 j 6E*00 

4.563E*00 

7,973E*00 

1.1326-01 

t. 6496-01 

1790.00 

6,467E*00 

6, 799£*00 

4.6681*00 

5.1 321-02 

2.077E-01 

1P36.00 

7.8576*00 

6.8906*00 

7.3951*00 

7,7771-02 

2.3686-01 

1036,00 

2.51 0E*00 

6,0J0E*00 

1,0206*00 

8,5446-02 

2,2071-01 

1846.00 

.3,lSlE*00 

8,2506*00 

9,390E-0l 

9,3221-02 

2.5791-01 

1846,00 

1.222F-01 

2.023E-01 

1.0626-01 

7,1936-02 

1.988E-01 

1860.00 

2.31 lE-Ol 

6.547E-01 

0.S92E-O? 

3.9fl?E-32 

1,2661-01 

1874.00 

3,5406-02 

1. 3326-01 

6, 9261-0? 

2. 3411-02 

9.358E-02 

1 06u , 00 

3.1266-02 

2,4041-01 

1 .1986-01 

3,2361-02 

l,5?6E-01 

1894,00 

3.197E-02 

2.3036-01 

1 .0321-01 

3.5096-02 

1.9T5E-01 

1904,00 

2,9216-02 

2.177E-01 

8,7746-0? 

3,8651-0?. 

2.397f-0l 

■ 1914,00 

2. 1696-02 

2.007E-01 

7.377E-0? 

4.665E-02 

2.7961-0! 

1924,00 

1 ,244E«02 

1.907E-01 

9.0726-0? 

S,825e-02 

3.304F-01 

1934,00 

1.4546-02 

2.099E-01 

4.9496-0? 

8,5166-02 

3,8441-01 

1943.50 

2,4676-02 

3.9471-01 

1.1071-01 

1 . 160E-01 

4,l9eC-0! 

1943.50 

7.726E-04 

3,9476-01 

1.1076-01 

U1816-01 

«. 1951-01 

|944,50 

2.524E-02 

7.790E-OI 

4.1186-01 

6.506E-02 

4.255E-01 

■ 1945,50 

1 .240E-02 

1,196E*00 

7.1551-01 

2.1786-0? 

4.3t6E-0t 

19«6,50 

7.338E-03 

l,62a£*00 

1,0221*00 

7,6901-03 

4,3741-01 


ERROR - 

PLA760RM 

TILT ESTIMATE 

altitude 

VELOCITY 

C 

R 

0 

C 

RATE ERROR 

MAS ERROR 

2.657E-01 

7.919E-08 

9. a»4E-07 

1 ,0416-07 

2.6251-01 

1,8911-01 

2.727t-0t 

2.7771-06 

2.291E-06 

9,3091-07 

2,8.97£-0l 

1,6121-01 

2,973t-0t 

6.329E-06 

4,1541-06 

3.4461-06 

2 . 6101-01 

1, 2791-01 

2,1511-01 

1,1296-05 

7,2551-06 

5.5776-06 

3,0961-01 

2,3601-01 

2,099t-01 

1.185E-05 

8,2311-06 

6.9b9£-0b 

2.U71-01 

2.0011-01 

1.717E-01 

1.925E-05 

l,22lt-05 

1,0016-05 

2.3626-01 

1,4291-01 

1,8591-01 

2,1211-05 

1.3e4t-05 

l,69fcE-05 

2 , 1266-01 

1.7006-01 

1.296E-01 

2,05«E-05 

2,1001-05 • 

3,0341-05 

1,1.361-01 

1,0711-01 

1,4461-01 

1,6461-05 

2,3531-05 

5,0071-05 

5.2231-02 

1,8591-01 

1.7671-01 

1,6641-05 

2,7911-05 

6.6541-05 

7,8a6t-02 

2.0271-01 

1,1511-01 

1,6531-05 

3.3226-05 

7,0521-05 

8,6391-02 

1,3046-01 

7,9251-02 

1,9671-05 

4.3551-05 

6. 9711-05 

9,4211-02 

1,8991-01 

6.252E-02 

2.1061-05 

4,9401-05 

7,6141-05 

7,2711-02 

1,7626-01 

3.691E-02 

2.473fc-05 

6.O10E-0S 

1.0421-04 

3.9521-02 

1,2551-01 

4.4761-02 

2,5321-05 

6,8191-05 

I.235E-04 

2.3721-02 

9.1136-02 

8.1131-02 

2,5331-05 

6,8191-05 

1.2356-04 

3. 27*^1-02 

1.4516-01 

1.121E-OI 

2,5531-05 

6,8iee-os 

1,2351-04 

3,5421-02 

1,6226-01 

1 ,4496-01 • 

2.534E-05 

' 6.8171-05 

1,2351-04 

3.8B6E-C2 

2.1696-01 

1.794E-01 

2,5351-05 

6,8161-05 

1,2351-04 

4.668E-02 

2,4876-01 

2.221E-0I 

2,5351-05 

6,8161-05 

1.2351-04 

5,6211-02 

3,1161-01 

2.657E-01 

2,5361-05 

6.B15E-05 

1.2351-04 

8,4916-02 

3,6001-01 

3. 0051-01 

2,5361-05 

6.5141-05 

1.2351-04 

1 .1561-01 

4,1701-01 

3.0051-01 

2-.536E-05 

6, BUENOS 

1.2351-04 

1.1761-01 

4,1761-01 

3.028E-01 

2,5371-05 

6.S141-05 

1.2351-04 

' 6.4711-02 

4,2496-01 

3.051t-0l 

2,5371-05 

6.8141-05 

1,2351-04 

2.1381-02 

4,3151-01 

3.0731-01 

2.537E-05 

6.8146-05 

1.2351-04 

7.1561-03 

4,3741-01 


TIME 

U 

V 

¥ 

U 

V 

It 

1932.00 

«,947C+o1 

1.2986*02 

T.9TlE*0l 

2,2646-01 

1.971E-01 

4,0961-01 

1932.00 

5,3871*01 

2.6256*01 

4,9351*01 

2,8251-01 

1.91IF-01 

3,5861-01 

1990,00 

«.74uE*01 

1,2166*01 

3,‘466l + 0l' 

2,7881-01 

1,4156-01 

3,5061-01 

1550.00 

5.6206*01 

l.972t*0l 

2.6126*01 

3,0681-01 

2.5421-01 

2. 6671-01 

1550,00 

2,7096*01 

t,396E*0l 

2.8?4E*0i 

2,1316-01 

2.1121-01 

2,6361-01 

1610.00 

2.7576*01 

1,0961*01 

1.7976*01 

2,3516-01 

1 .7Cil-Ol 

1,8401-01 

1670,00 
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2.224E-04 
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3,7331-04 
4, 6261-04 
6.740E-04 
9,5431-04 
9.543E-04 
9,67e£-04 
1,0231-03 
1.044E-03 
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*.676E"03 

*.7doe-03 


JHE ANALYTin 



G-21 


CROUP n TACAN range scale factor (^fULTIPLY BY 


Tint 
loss. 00 

H32.00 

luoo.oo 

J5SO.OO 

1550.00 
iO!0*00 

1670.00 
ITJO.OO 

1790.00 

1036.00 
1*36.00 
1 8u 6 . 00 

1046.00 
1»60.00 

1874.00 

laeu.oo 

i89«,06 

I’oa.oo 

191 (1.00 

1^2«.o6 

i'J5«,oe 

l’«3.S0 

1«"3.50 

l9«O,50 

i««5.se 

1946,50 


POSITION ESTlKATf ERPOP 
* D C 


VEtOCITT estimate fRPOM 
^ 0 C 


0 . 000 f *00 
2. 936C*06 
7,702E*06 
2.2?3£+07 
1.087EtO7 

5. « 0 ?f ^06 
2,l39Ft0T 
6.7?0E»O6 

1. ? 32 r *06 
1 .055E+0S 
3.76lEf06 
3.893E+P6 
1 ,5a«ff05 

6, (»09f *04 
7,349f*oa 
6.039F*04 
5.O8CE+04 
4.796E»04 
3.786F*0« 
l.9j7E*oa 
1 , 15UE + 04 
7.266F*02 
6.255E tOZ 
5.363f *05 
3.30IE*03 
2.55lE*03 


0. 000c«oo 
S. nOE*07 
5.«03t*06 

1. fl46t*07 
1 .760E+07 
3»040E+o6 
6,567E*06 

S,9?t£,o^ 

9,R«7£*06 

1,0C1E*07 

9.27te*06 
1.017E*07 
2,508E*05 
2.763£40S 
1 , 62 eE + 05 
1.225E+05 
I ,?aiE*05 
1 .359E*05 
1 ,£J63E*0S 
1 .69ii£*05 
1.9I5E*05 
2,66 <JE.oS 
2.669E + 0'? 
3-.«lSE*05 
4,976E'*05 
6,152E*05 


e.oooE«oo 

5,fi»2E*0T 

l.l?9E*0ft 

5.715E+07 

5.3<J7et07 

2.9saF*07 

7.285Ef06 

6.638F 406 

3.5u5F*06 

l,l«3F+06 

1 .662E»06 

1.069E*oa 

4.298E404 

4.82iF*0(j 

3.062E40U 

3, 1 0lE*Ou 

2.e«7Et0(i 

2.56fiEt0(t 

2,27flEt0tt 

I.976E4O4 

l»700f + 0(j 

«.n6f40T 

fl.ll3E*05 

«.327E»04 

«.297E + C(1 

1.232E+05 


o,oooE«oe 
«.0l7E«0(t 
1,066E»05 
1.73JE*05 
2,097t 405 
?,239E*05 
l,9flSt*05 
9,877£4oa 
«. 1 06E+04 
2.37lt40« 
3.376E*04 

2.693£40fl 

1,3«8E403 
7.6«2E^o 2 
2.«75t40j 
3.627E405 
1 .903E4C3 
e.l72F»02 

а. oi 6£403 

б, 898t40j 
1 ,«23E40 u 
2,l8lf404 
2,!67£40 i» 
1.2i8t40tt 
«.379t405 
I.8l9t*03 


o.oeoEtoo 
«.396Eto« 
3. 19«F»05 
3.3*3E+05 
S.StiOF'fOS 
5,0<l5f*05 
2.326E405 

1.549E405 

1.219F405 

9,5*lF40«l 

9.euE*oa 
l,06flP*0b ■ 
3 , 128F*0« 
2.577E46H 

2.3'»9f*o« 
3.916F tow 
S.|3?ctoa 


O.OOOEtOO 

2,063Etoa 

t.U36E405 

2.16?Et05 

2,286t*05 

2.460E4C5 

2,682Et05 

1.866E40S 

1 .iiaOLtoS 

6,994fc404 

7,<i6«EtO<l 

6, idAEtOa- 

l,lllt*03 

6, 8316*01 

5,7226403 

t,09OE4Qa 

1, 5236404 


time 

U 

V 

1432.00 

o.oooE*oo 

O,O00E*0O 

1432.00 

6.156f*fl6 

7,735E*07 

J490.00 

S.931E+06 

8.2436+07 

1550.00 

2.1S0E+07 

3,4046*07 

1550.00 

1.018E+07 

3.2C1E+07 

1810,00 

8.986E+06 

2.083E+07 

1670,00 

2.140F+07 

7,748E*05 

1 730.00 

6. 7386+06 

1.4656*06 

1790,00 

1.271E+06 

6.339E+06 

1836.00 

6. 0896*04 

4.783E+06 

1836,00 

3.601E+06 

4.9871*06 

1846.00 

3.957E*06 

•7.346E*06 

1846,00 

1 .556E + 05 

1 . 2796*05 

1860,00 

6,5166*04 

?.687£»05 

1874,00 

7.40SE+na 

1 .652E+05 

1884,00 

6. 0776*04 

1 .209E+05 

1894.00 

5,5|6E*04 

1.2576*05 

1904.00 

4,8336*04 

1 .347E.05 

1914,(10 

3,825F*0U 

1 .461 E + OS 

1924,00 

1 , 9586*04 

1 .6956 + 05 

1934.00 

1 , 1986 + 04 

1.9166+05 

1943.50 

1.350£*03 

2.669E+05 

1943,50 

4. 3546-07 

2.669E+0S 

1944.50 

fl, 3966*03 

3.814E+05 

1945.50 

1 .989E+03 

4, 9746*05 

1946.50 

8.9926*02 

6. 1496*05 


0«O00E*0fl 

7,725E*06 

7.7«9F*07 

4.98lF*07 

4.6U6E*07 

2.nbE4C7 

8,538F406 

8.756F*06 

«.3?2Et06 

«,872Ft06 

7.97SE+06 

7.09af 406 

2.191*405 

8.617E404 

l,034F40o 

3.615f*0u 

3^726E40« 

3,09o£40a 

2.364E40O 

1 .847E404 

l,56«C*0u 

4.98oE*03 • 

4.980ft03 

4.439F40U 

8.428£40(i 

1,247E*05 


0,OOOE400 

4. 1 05E404 

1.770E40S 

I .667E405 

2,0306*05 

2.209£*o5 

I ,979E*05 

9,895t*0tt 

4,1636*04 

2,4306*04 

3.433E*04 

?. 7536404 

1 ,205£403 

8.729£*o2 

2.579E+03 

3.793£*05 

2,1 10£*03 

5.770E+02 

3,75?£403 

6,599£*o3 

1 .3906*04 

2, 1 4-66*0 4 

2,1336*04 

1,1836*04 . 

4,027E*03 

1«464£*03 


6.3026+04 

1.9516*04 

7.427F*0« 

2.3726*04 

8.e?9E*0tt 

2.8866*04 

1 .03SE*05 

3.4686*04 

l.l38E*0b 

3.8846*04 

t.l38F+0b 

3.8846*04 

1. 1536 + 05 

3.9416*04 

1.1&8E+0S 

3.997fc*C4 

U183E+05 

4.0506*04 

V 

M 

o.oooF+eo 

Of 0006*00 

1,5976+04 

4.5166*04 

3,3436+05 

1.195E+05 

3.879F*05 

1.I36E*05 

4. 0696+05 

1.2146*05 

3.931F+0S 

1 .1026*03 

3.3016*05 

1.3196*05 

2.302F+OS 

7,6116*04 

1.8046*05 

5.4846*04 

4.790F+04 

1.2236+05 

3.284E+04 

1.1876*05 

2.1406+04 

1.212E+05 

1 .9246*04 

2.4.706*04 

2.2796*04 

•1,201E*0« 

2.267E«04 

8.6306*03 

3.9506*04 

9, 5326*03 

S.224F*04 

1.1696*04 

6.37lE*C« 

1.7|2E*04 

7,4416*04 

2.3346+04 - 

8. 8086*04 

2.9576*04 

1.0326+05 

3.5466*04 

1.137E+05 

5,92bE*0tt 

U137F + 0S- 

3.9266*04 

U152E+05 

3.9776*04 

1,1666*05 

4.02BE+04 

1.1826*05 ' 

4,0796+04 


. PLATFORM 
R 

O,O0OE*O0 
1,519E*00 
3,109£*00 
9.«72E*00 
8.421E+00 
9.««9E*00 
1,009e* 81 
B,2«2E*00 
6,559f*00 
4,e61£*00 
4,641E*0O 
4.5336*00 
3.2856*00 
2,454f *0C 
3,107E*OO 
3,08IE*00 
3.056 £*oO 
3,030E*00 
3.0056*00 
2.980E*00 
2,954f*00 
2,930E*00 
2.930F+00 
2.928E*00 
. 2.925£*00 
■ 2,922 E*oo 

U 

ft. 0006*00 

1,545E*00 

3,1226*00 

8,4176*00 

8,361E*00 

9,4266*00 

l,009£*oi 

8.242F *00 

6,5776*00 

fl,90i£*0C 

4.87«e*00 

4,565£*00 

3.29»E*flO 

2.479E+00 

3,148E*00 

3,126E*00 

3.104E*00 

3.081E+00 

3.059E+00 

3.037E+CO 

3,015£*00 

2.993E*00 

2,993E*00 

2,991E*00 

2.9ftaE*eO 

2,987E*00 


tilt 6STIMAT6 
0 


0.0006*00 

1 ,09uE*00 

3,9676*00 

9,3666*00 

1,016E*01 

9,9836+00 

9.1016*00 

3,5296*00 

2, 1246*00 

1 ,579£*00 

3,262£*oo 

4,8896*00 

1.269E*0l 

1.4506+01 

1,4726*01 

1,4746*01 

1 . 4766401 

1.478E+01 

1.4806+01 

1 .4826*01 

1,4836+01 

1,4656+01 

1,4656*01 

1 .4866*01 

1 ,486E+0I 

1.4866+01 


O.OOOE+OO 
4.8716-01 
2.095E+00 
6.754E+00 
7.3546+00 
3.6346*00 
7.7396*00 
8.3326*00 
1,2546+01 
2.7836*01 
2,6436+01 
2,5396+01 
3,6806+01 
3,2046+01 
2.0226+01 
1 , 3 1 9 f + 0 I 

1.1096+01 
1 , 309E + 01 
1.4576+01 
1.5176+01 
1 , 5 J 66 + 01 
U5016 + 0J 
1.501E+01 
1.4996+01 
1,4986+01 
1 . 4986 + 01 


O.OOOE+OO 

3.562E-01 

7.254E+00 

b,46lE+00 

9.0506*00 

6.419E+00 

/.985t-01 

1.008E+01 

1.9B6E+01 

2.934E+01 

2.93JE+DJ 

2.902E+0I 
5.738E+01 
4. 1 346 +01 
4.466E+01 
4.465E+01 
4.46SE+01 
4 , 464 6 + 0 1 
4.464E+01 
4.4f)3£ + 0J 

4.463E+01 
4.462E+01 
4.462E+01 
4.462E+01 
4.462E+01 
4, 4626*01 


ALTITUDE 
RATE 6RHOR 

0,0006+00 
1,8556+04 
1.5846*05 
1,6116*05 
1.9776*05 
2.1856*05 
I,9a06+0S 
9.9026+04 
4, 1846+04 
2.4 1 7E+04 
3.41 91+04 
2,7336+04 
1.2096+O3 
8,6616+02 
2.5756*03 
3.790E+03 
2,1076+03 
S.8o2£+02 
3.7556+03 
6. 6 0 36 + 03 
1.3916+04 
2, 1 476 + 04 
2.1336+04 
1-, 1846 + 04 
4,0341+03 
1 .473E + 03 


W 

GAHH4 ERROR 

O.OOOE+OO 

0.0006*00 

1,0046+00 

2.9306*00 

7,9936+00 

3.7346+01 

1.071E+01 

5 , 4u56 *0 1 

1 , 149E + 01 

8.5396+01 

1 . 125E+01 

1.0616*02 

4,8666+00 

1 .5S26 + 02 

6,e>69t + 00 

I . 7266+02 

I.554E+01 

1.1926*02 

9.414E+00 

6.18B6+01 

t.boie+oo 

8.9546*01 

1.4876+01 

3.U9E + 01 

1 . 4266*01 

1.2376+01 

2,9866+01 

1 .3506+01 

4.245E+01 

1.2946*01 

4.5136+01 

2.1846+01 

4,5546+01 

3.4{,6t + 01 

4. 5166 + 01 

4.Bq3t+0l 

4.471E+01 

6.4266*01 

4,4516+01 

5,B736*01 

4.451E+01 

5,1926+01 

4.4576+01 

7,5866*01 

4.4576+01 

7.5u56*01 

4,4576+01 

4.4(i76*01 

4,4S8E+01 

1.7636*01 

4,4586+01 

8,8i'2t + 00 


VELOCITT 
MAC ERROR 

0, 0006*00 
1,7456*04 
3.239E+05 
• 3.7U7E+C5 
3.911E+05 
3,648E+05 
2. 9616+05 
1.733E+05 
1.627E+C5 
5, 7666+04 
2.022E+04 
2.917E+04 
1.7S1E+04 
2,1456*04 
2, 1S2E+04 
3 , 76 1 £ + 0 4 
4. 8506*04 
S.789£+o« 
6.638E+04 
8.3331+04 
1 .021E + 0S 
1.132E+05 
1.132E+05 
1 , 150E + C5 
1.167£+05 
1.182E*05 

R 31 6 RWUR 

O.OOOE+OO 
7.617E+00 
2.277E+01 
3.366E+C1 
i.583E*01 
9,6506-01 
8.4476*01 
7.8936+01 
7 , 6 B 2 E ♦ 0 1 
2. 092E+02 
2.C30E+02 
2,l47£+0^ 
4, 377E+01 
2,2546+01 
1 .63SE+01 
1 .799E+01 
2.276E+0 I 
3.449E+01 • 
4.855E+01 
8 . 1 67E + 0 1 
9.006E+01 . 
1.2486+02 
1 .246E + 02 
.298E+02 
.350E+02 
.366E+02 


THE ANALYTIC SCIENCES CORPORATION 



§1 

If 






’T 


0 

1 

CO 


TlMt 

1432.00 

1432.00 
1490,00* 

1550.00 

1550.00 
1<»1D.00 

1670.00 
1730,00' 

1790.00 
1B36.00 

1036.00 ■ 

1646.00 

1846.00 

1660.00 

1674.00 

1664 .00 
1 6 9'u , 0 0 
lOOU.OO 
I’l.fl.OO 

1924.00 
1^34.00 
l'»43.50 

1043.50 
J944.50 

1945.50 

1546.50 

TIME 


CROUP 12 BARp ALTIMETER BIAS,SCALE FACTOR, AND STATIC DEFECT 


POSITION estimate error 


velocity estimate E«HnW 
roc 


PLATfOHM tilt ESTIMATE 


ALTITUDE 
MATE ERROR 


0,O00E+O0 

e.oooE+00 

o.'ooof +Oo 

O.OOOE+OO 

O.OOCE+00 

O.OOOE+OO 

0,0001+00 

0,0001+00 

0,0001+00 

O.OOOE+OO 

l,86SE+03 

2.566E+02 

4.316E+0? 

5. 8321*00 

2.792E+08 

1.4801+00 

3. 9171-05 

1,0351-04 

9,6471-05 

5 , 6471+00 

1 ,242E*03 

1.243E+0? 

4.9361+0? 

3.4121+00 

B.792F-0I 

1.7521+00 

«,454E-05 

1,4151-04 

7,6431-05 

3.4U51+00 

3.457F+02 

t,6l3Et01 

2.1561+02 

6,0961-01 

3.9aiF-0t 

7,1531-01 

4,9751-05 

1,1691-00 

5,1351-05 

6,1461-01 

1 .527F+02 

3.345E+01 

1 .0521*0? 

4.22J1-01 

4.546F-01 

4,0781-01 

5.633£-05 

7,0991-05 

2,7761-05 

4,2251-01 

2.45PE+01 

2.ft9<5t,oi 

1.0631+01 

5,6671-01 

2.3UE-01 

7,9«9t-0l 

3,4271-05 

4.5191-05 

6,0951-05 

5.6871*01 

4 , 7 1 7 1 ♦ 0 1 

1.5001+01 

1.6171*01 

6,1691-0! 

l.9t«l-0l 

5.1671-01 

3,763E-05 

6,2691-05 

9,0621-05 

6, 1861-01 

6,1621*00 

1 .6561*01 

3.236F+0O 

5.2621-01 

2.4221-01 

4,3651-01 

3,6661-05 

6,3971-05 

8.4031-05 

5,2971-01 

7,2121+00 

1 .6301+01 

1.2111+00 

2.9751-01 

2,4451-01 

2,2721-01 

3,6931-05 

1,0611-04 

6,7431-05 

2,9061-01 

6,66ur.(ji 

2.916E-01 

2.809E-01 

1,9181-01 

1.237E-M 

8,9831-02 

3.8091-05 

1 ,237£-04 

1.015E-04 

1 ,9?51-0 I 

1 , 1 46f •01 

6,0891-01 

4,7951-0? 

6.0241-02 

8,2831-02 

5.0011-02 

3.7411-05 

1,3571-04 

1.179E-04 

6.0661-02 

3.337F.-01 

l,tl9t-01 

9.539F-02 

5.n«l-02 

6,278e-02 

7,3061-02 

3.528£-05 

1.5071-04 

1.264E-04 

5,1531-02 

3.5951-01 

2,5551-01 

1,5451-Ot 

7.15QF-02 

1.038F-01 

1,3521-01 

3.53VE-05 

1 ,S06£-04 

1.264E-04 

7,2l7£-02 

J. 0531-01 

2.731E-01 

i.3iee-oi 

7.5381-02 

1.403E-01 

1,8851-01 

3.551E-05 

1 ,5081-04 

1,2631-04 

7, 6261-02 

2.4P0E-01 

2,9oie-Ol 

1,1081-01 

7.3791-02 

1.783F-61 

2.4391-01 

3.5621-05 

1,5091-04 

1 ,2621-04 

7.4fl6E-02 

1.8221-01 

3,0251-01 

9.244E-0? 

7, 177E-02 

2.1651-01 

5,0UE-0l 

3,5741-05 

1.5091-04 

1,2611-04 

7.,3o2t-02 

l.OJOl-M 

3.042E-01 

T. 6101-0? 

7,26«E-02 

2.634f-ol 

5.7151-01 

3,56bE-05 

1,5091-04 

1 .261E-00 

7,4101-02 

4,6051-02 

2.8731-01 

6.256F-0? 

6,5111-02 

3,1461-01 

4,4711-01 

3.5971-05 

1,5101-04 

1,2601-04 

6.6751-02 

2.272E-02 

1 ,6681-01 

I.99JE-01 

5.0U1E-02 

S.525E-01 

5. 0601-01 

3,6061-05 

1,5101-04 

1.2591-04 

6,0101-02 

4.2521-04 

1 .668E-01 

1 .993E-01 

6,0541-02 

3.5251-01 

5.0601-01 

3,6061-05 

1,5101-04 

1 .2591-04 

6.2251-02 

1.0751-02 

3,5381-01 

7,0761-01 

3.1391-02 

3.5671-01 

5. 1-091-01 

3.6991-05 

1,5101-04 

1,2591-04 

3.3091-02 

2.609E-03 

6.921E-01 

1.2211+00 

8,1281-03 

3.609E-01 

5.1571-01 

3,6101-05 

1,5101-04 

1,2591-04 

9.7391-03 

4.614E-03 

1,046£*00 

1.7391*00 

l,S98E-C3 

3,6501-01 

5, 2041-01 

3,6111-05 

1,5101-04 

1,2591-04 

2.0751-03 

U 

V 

W 

U 

V 

N 

U 

V 

>1 

gamma IRROH 


1432.00 

1432.00 

1490.00 

1550.00 

0.0001+00 

0,0001*08 

0 ,oeor*oo 

6,0001+00 

’ 0,OOC1+DO 

O.OOOE+OO 

0,0001+00 

0.0001+00 

0.0001+00 

0,0001+00 

1550.00 

1.8781+03 

3.959£*02 

3,5081+02 

5,7811*00 

5.lfl5E+00 

6.656E-01 

5.V731-05 

7.1741-05 

1.2171-04 

l,7u91-03 

1610.00 

1,2381+03 

4,1571+02 

3.0791*02 

3.3971*00 

1 .809F+00 

S.iOTE-Ol 

4,4131-05 

6,2971-05 

1.4911-04 

1,4951-03 

1 670,00. 

3.4521+02 

1,0301*02 

1,911E*C? 

6.0611-01 

2. 4161-01 

7.8I«E-01 

4^47bt-05 

8,3931-05 

9,6221-05 

3,9771-04 

1730.00 

1.5251+02 

3.0951*01 

1,0621+0? 

4,2251-01 

5,«sir-ar 

2,6921-01 

3,6491-05 

4,6651-05 

6,0201-05 

5.3961-04 

1790.00 

2,4501*01 

2.827E+01 

1.2581+01 

5,6781-01 

6,II0£-01 

5,57«t-0l 

3,4431-05 

9,5981-06 

7,5201-05 

9.4^61-04 

1636.00 

4.724E+01 

1,1001*01 

1.8961*01 

6,1851-01 

4.18H-01 

3.5621-01 

3.607E-05 

1,1461-04 

4,4351-05 

1.1651-03 

1636,00 

6.2331*00 

9,1561*00 

1.41UF+01 

5.299E-01 

3.2251-01 

3.7861-01 

3,6951-05 

1,0671-04 

4,7661-05 

9,8141-04 

1646, OO 

7.283F+00 

1.1361*01 

1,1701*01 

2.989C-ot 

5,5561-02 

3.279E-01 

3.726E-05 

1.3561-04 

3,0101-05 

4,9091-04 

1646.00 

6. 6801-01 

1.217E-01 

3,633f-0l 

1,9251-01 

4,2541-02 

1,0601-01 

3,b46£-05 

1 .5651-04 

3,3021-05 

3, 0ft 11-04 

I860 .30 

1.1651-01 

5.5VS1-01 

2. 4421-01 

6,0671-02 

5.289F-02 

8.070E-02 

3.77«l-05 

1,7401-04 

4.474E-05 

7,0221-05 

1674,00 

3.343F-01 

1.0151-01 

1.045E-01 

5,1531-02 

5.339F-02 

7.992F-02 

3.55VE-05 

1 ,6491-04 

1,0721-04 

4,3951-05 

1684,00 

3.606F-01 

2.593E-01 

1.4511-01 

7.216E-02 

1.080E-01 

1.315E-01 

3.5671-05 

1 ,4631-04 

1.3151-04 

4,5591-05 

1694,00 

3.065F-01 

2,8011-01 

1,1291-01 

7,6251-02 

1.5221-01 

1,7671-01 

3.5751-05 

1,4201-04 

1,3611-04 

3,4831-05 

1904.00 

2,4921-01 

2.933E-C1 

9.9621-0? 

7.48M-02 

1,6691-01 

2,3711-01 

3.5831-05 

1 .4601-04 

1,3181-04 

4.3301-05 

1910.00 

1.8321-01 

3.0241-01 

9.0551-0? 

7,3011-02 

2.170F-01 

2,9441-01 

3.591E-05 

1,5011-04 

1 .270E-04 

6,5761-05 

1924.00 

1,0201-01 

3.0331-01 

7,614^-02 

7.409f-02 

2.6031-01 

3.7351-01 

3.5991-05 

1.5181-04 

1,2501-04 

5.2891-05 

1934,00 

4.889F-02 

2,068E-O1 

6.434E-0? 

6.674F-02 

3.S15F-01 

6,44?1-01 - 

3.607E-05 

1,5181-04 

1,2501-04 

1.2601-04 

1943.50 

2.2981-02 

1 ,69j 1-01 

1.9901-01 

6,0101-Q? 

3.508F-01 

5.0701-01 

5.616E-05 

1,5151-04 

1,2551-04 

1.7l9t-04 

1943,50 

7,409f-l 2 

1.6911-01 

1.9901-01 

6, 2251-02 

3.5381-01 

5.0701-01 

3.M61-05 

1 .5131-04 

1.2551-04- 

1,7651-04 

1944,50 

1,2511-02 

5.5221-01 

7.C04F-O1 

3.3091-02 

3.5521-01 

S.llBl-Ol 

3,6171-05 

1.5131-04 

1 .2561-04 

9,36«E-0S 

1945.50 

5,2231-03 

6,8921-01 

1.2221+00 

9,7461-03 

3.5961-01 

5.1661-01 

3.616E-05 

1,5121-04 

1 ,2561-04 

2,3881-OS 

1946,50 

1,7571-03 

1 ,044£*00 

1. 7011+00 

2,0821-03 

1,636E-01 

5.2131-01 

3.6T8E-05 

1,5121-04 

1 ,2561-04 

9.528E-06 


VELOCITY 
MAC ERKOR 


0,OOCE*00 
2. 7551+00 
1.4O1E+O0 
1,9761-01 
3, 9751-01 

4.5161- 01 
2.070E-01 
1.3761-01 

а. 0951-02 
7.4341-02 

б, 9621-02 
6,9561-02 
1.2721-Oi 
1.691E-01 
2.0001-0 I 
2.2711-01 
2.69UE-01 
3,1471-01 

3.5161- 01 
3,5181-01 
3.5S61-01 
3.59OE-01 
3,6381-01 

PSl tRHOR 


O.OOOE+OO 
1 ,89«E-04 
5,3201-04 
U.953E-04 
2,7661-04 
7.792E-04 ■ 

6,1011-04 
.6.479E-0U 
5.609E-0U 
2,5681-04 
1.514E-04 
1.514E-04 
2,462£-04 
3,4801-04 
4,7761-04 
6,2401-04 
7,769E-04 
1.141E-03, 

1.6111- 0.3 

1.6111- 03 
I .670E-03 
1,7321-03 
1,7721-03 


THE analytic SCIENCES CORPORATION 


ge 

C>. v-cJ 


ci 




' rS ^. 


O 

t 

to 

CO 


CROUP 12 BARO ALTIMETER FIRST-ORDER MARKOV 


POSITION esrzNATe caror 
time roc 


velocity estimate error 
ROC 


PLATFORM TILT ESTIMATE 
ROC 


ALTITUDE 
RATE CKROR 


1R3?,00 

1432.00 
lOYQ.OO 

1550.00 

1550.00 

1610.00 

1670.00 

1730.00 
17Y0.00 

1036.00 

1536.00 

1846.00 
1Bu6,00 

1860.00 
I'STa.eo 

1664.00 

1804.00 

1004.00 
1R14.00 
1R24.00 

1634.00 
1643,50 

1643.50 

1644.50 
16«S,50 

1646.50 


I,O00E*10 

i.ooee>io 

UOOOE-16 

i.eooE-io 

l,60Cf-l0 

1.075E*ei 

l,465E*0e 

2,462E«00 

3.327E-02 

l,563r-«2 

6,262E«00 

i.n6c*oo 

3.561C*00 

2.676E-02 

6.321E-03 

5,237£*00 

7.460E-01 

3,026E*00 

1.665E-02 

5i510r-03 

5. 164F*00 

2.576E-01 

3.525E*00 

1.626E-02 

S«164E-03 

«.522E»00 

5.562E-01 

6,7662-01 

2.106E-02 

4.651E-03 

S,61SE*00 

8,424E«01 

4,l55C.0l 

3,536E-02 

6.370E-0S 

1,216E-01 

5.668E.01 

l.2l«E*0l 

l,333E-02 

6.600E-03 

3.246E-01 

6.668E-01 

S.722C-02 

1.356E-02 

6.3a6E-03 

4.32SE*02 

8,2U£«03 

6,856E-0j 

6.320E-03 

2«066E-03 


i.oeoE-10 

l.OOOE-10 

l.OOOE-10 

l.OOOE-10 

l.OOOE-10 

B,aa(iE-03 

2.235E-07 

5.902C-07 

5.5C4E-07 

3.336E-02 

l,450k-02 

2.513E-07 

1 ,066£-06 

1.026E-06 

2.699E-02 

l,767t-02 

3.629E-07 

1 ,4l3E-06 

1.287E-06 

2,005t-02 

I.S12L-02 

2.675E-07 

l,125t-06 

7.346E-07 

1,6S5E-C2 

6,Sl«£-05 

2,e55£-07 

6.045L-07 

7,656E-07 

2,tllE-02 

6.045E-03 

«,aO5E-07 

2,330E-06 

1 , 178E-06 

3.542E-02 

1.218E-02 

3,472E-or 

7.77U-07 

1.440E-06 

1.337E-02 

6,65U-03 

6.323E-07 

6,575E-07 

1.467E-06 

1.36U-02 

3«161E-03 

6,e09E-07 

1.40SE-06 

1.261E-06 

9.327E-03 


THIS SEGMB^fT OF TABLE“nOT PRINTED 


TIME 

1432.00 

1432.00 

1460.00 

1550.00 

1550.00 

1610.00 

1670.00 

1730.00 

1760.00 

1636.00 

1636.00 
16.4 6, OO 

1846.00 

1660.00 

1874.00 

1664.00 

1864.00 

1604.00 

1614.00 

1624.00 

1634.00 

1643.50 

1643.50 

1644.50 

1645.50 

1646.50 


U 

V 

H 

U 

V 

1 .OOOE*10 

i,oooc-io 

l.'OOOE^lO 

I.OOOC-IO 

t,006C-IO 

1.071C«01 

2,2562600 

2.0012*00 

3.26SE-02 

1,8162-02 

9,256E*60 

S.160E600 

2.104E*00 

2|663E*02 

1, 6072-02 

5.226E600 

2.015E600 

2.367CT00 

l,960E-02 

1,1852-02 

5.161E*00 

1.763£*oO 

3,05oe+00 

1.627E-02 

i,eooE-o2 

«.52te+00 

2.603E-01 

l,092£*00 

2,lllE-02 

7.325E-03 

8.612E600 

6.777E-01 

6.936E-01 

3,540E-02 

l.OlOE-02 

1.240E-01 

3.356E-01 

5,M2E-0l 

1.336E-02 

6. 2182-03 

3.277E-01 

4.617E-01 

4.678E-01 

l,362E-02 

3.663E-03 

4.330E-02 

4.3.46E-03 

1.160E-02 

6.327E-03 

2.745E-0J 


R 

U 

V 

N 

GAMMA ERROR 

i»eoo£-ie 

l.OOOE-10 

l.OOOE-10 

i.OOOE-lO 

2,884t-l4 

3,797£-03 

2.267E-07 

4.063E-07 

6.945E-07 

6,976E-06 

S.S09E-03 

2,«92E-07 

S.66eb-07 

1.461E-06 

1.3o5£-05 

l,a28E-02 

5,6«2t-07 

7,1594-07 

1.772E-06 

l,36l£-05 

U598E-02 

2.700E-07 

5,6132-07 

1.206E-06 

2.031E-05 

3,7l8t-03 

2.878E-07 

6,895t-07 

7.226E-07 

2,9101-05 

R.424E-03 

«,506£-07 

1 , 1 76E-06 

2.330E-06 

«,9e7E-05 

l,026E-02 

3,4771-07 

1 .561E-06 

3.797E-07 

2 ,S06l-05 

l,10e3£-02 

6.362E-07 

1,4191-06 

1 ,067£-06 

2, 3181-05 

2.590E-03 

6,e64£-07 

1,5001-06 

1.143E-06 

1.5671-05 


THIS SEGMENT OF TABLE NOT PRINTED 


VELOCITY 
MAG ERROR 


l.OOOE-10 

l,572E-02 

l,26ie-02 

8,847£«C3 

4.565E-03 

5.674E-03 

2,030E-02 

5,02i£-03 

2,73l£«03 

2.220E-03 


PSI ERROR 


2,862E*l« 
l.OeiE-06 
2.2S9E«06 
9, 076E-06 
1.653E-05 
5, 190E-06 
7,576E-06 
l,758E-05 
1.777E-05 
4,560E"06 


THE ANALYTIC SCIENCES CORPORATION 


G-24 


CROUP 13 ML8 A2IHUTH BIAS 


TIME 

t 032 , 9 C 

1032.00 

lORO.OO 

1550.00 

15 50.00 
UtO.OO 

1670.00 

1710.00 

1790.00 

1016.00 

1036.00 
1»«6,00 
16<J6,00 

1860.00 
187a, 00 
l 68 a,oo 

1899.00 

i'»oa.oo 

1919.00 

1929.00 

1930.00 

1903.50 

1993.50 

19 o«, 5 o 

1945.50 

1946.50 

TIMF 

1<I12,00 

1432.00 

1990.00 

1550.00 

1550.00 

1610.00 

1670.00 

1730.00 

1790.00 

1016.00 ' 

1836.00 

18U6.00 

1846.00 

1860.00 

1874.00 

1684.00 

1894.00 

1904.00 

1914.00 

1924.00 

1934.00 

1943.50 

1943.50 

1944.50 

1945.50 

1946.50 


POSITION* ESUNATr ERROR 

p 0 c 


VELOCrtY ESTIMATE ERROR 

Roc 


PLATFORM TUT ESTIMATE • 
ROC 


ALTITUDE VELOCITT 
RATE EHROR MAC ERROR 


0. 000E^OO 
1.82IE+00 
1,656E*00 
9.431E-01 
3.334E-01 
«,788f--03 
1 . 818 E -02 
6,e80F»03 
2.S75F-02 
2.463E-02 
1 , 869 f.( 5 j 

7.689E-03 

7 . 566 E .03 

1.336E-02 

9 . 076 E -05 

1. UOE-02 
1.319E-02 

U 


O.O0OE*0O 

«.58oE*00 

9.«7t£*00 

2 , 969 e 400 

6 , 56 1 E -0 1 

3.731E-01 

5.6l2£-0< 

2.448E-01 

1.37RE-01 

9.874E-02 

1 . 090 E -01 

1.300E-01 

1 .S45E-01 

1 .546E-01 

li 745 E- 0 l 

I.946E-01 

2.148E-Q1 

V 


o.oeoE«oo 
2.633C*0l 
2.496E401 
2.476e40t 
2 .l 96 f 40 t 
1 . 906 E + 01 
l.69aF*0i 
l.491£t0l 
l.295f70l 
1 . 106 E 401 
9.203F+00 
7,487F*00 
6.289£t00 
6.289E*00 
6, 387 e*0o 
6,487£*0o 
6.589E+00 

N 


e.oooE*oo 

3,934t-03 

5.730E-02 

6 . 374 E -02 

4,27tE-02 
2 . 3991-02 
1.238E-02 
6.I89E-03 
2.115E-03 
2.098E-05 
7.270E-03 
1.363E-02 
1 . 991 E -02 
2.200E-02 
1 . 184 E- 0 ? 

3.651E-03 

8,9fl7£»04 

U 


O.O 00 E 900 

8.75«r-02 

8,966f-02 

1 .664F.01 

1.068F-01 

8 .S 41 F -02 

7.957F-02- 

6.979F-02 

5.897F-02 

4.840E-02 

3 . 828 r -02 

2.823F-02 

1.981E-02 

1.901E-O2 

1.997E-02 

2 . 0 I 2 E -02 

2.026E*02 

V 


O«O 0 OE*O 0 

2 . 360 E-O 1 

6.B56E-05 

«, 92 it -02 

1.360E-01 

l,«3?t-01 

I.084E-01 

7.786E-02 

4.&21L-02 

1.573E-02 

2.524E-02 

6.577E-02 

9.676E«02 

9,677t«02 

9,897fc-02 

l.OlU-01 

1 . 0 J 3 E -01 

N 


0.O0OE600 

1 . 099 E -06 

1.4fi8£-0S 

1.846E-OS 

2.6B8E-0S 

2.734E-05 

2.737E-0S 

2 . 739 E. 0 S 

2 . 742 E- 0 S 

2,7fi5t-05 

2.748E-05 

2.751E-C5 

2.753E-05 

2.7S3F-0S 

2 . 754 E -05 

2.754E-05 

2.754E-05 

U 


O.0OOE«O0 

1.735E-05 

2.497t-05 

3.552E-05 

6 . M 4 E -05 

7, J65fc-05 
7.164E-05 
7,162t-05 
7.UJE-05 
7, I60t-05 
7.158E-05 
7,l57fc-05 
7.ib6t-05 
7.156E-05 
7,156E-05 
7.156E-05 
7.156E-05 

V 


0,O00E<f00 

8.518E-06 

5.V06E-06 

6.7C8E-06 

2.823E-06 

3.413E-06 

3.454F-06 

3,49bE-06 

3.537E-06 

3 ,l 3 r 9£-06 

3.620E-06 

3.662E-C6 

3.701E-06 

3.701E-06 

3,7C6E-0b 

3.710E-06 

3.714E-06 


OrOoOE*00 0,OOOE*00 
3.5l8t-03 2.406E-01 
5.7251-02 7.790E-02 
6.384E-02 4,968£-02 
4. 3201-02 4,5381-02 
2,4571-02 7.U8E-02 
1,2911-02 8,1241-02 
6.6l4£-03 7.102E-02' 
2.4o9t-03 5,6331-02 
1 .9281-03 4, 3U61-02 
7,2261-03 3.532E-02 
1.3911-02 2.77VE-02 
2,0071-02 1.97UE-C2 
2,.2l7E-02 I.969E-02 
i,2o2E-02 2.009E-02 
3,B<j91-03 2.035E-02 
1.0841-03 2.0S1E-02 


M gamma error MSI ERROR 


o^eooF^oo 
}.eASP«eo 
1.723F*00 
1 .OOlEtflO 
3.P22F-01 

3. J74E-02 
1.795E-02 
3 . 879 F -02 
5, 3581-02 

4 . fla 2 E -02 
3.845E-.02 
2.369E-02 
2 . 092 E -02 
6.748E-12 
4.4S3E-03 
1 . 904 E -03 
8.367E-04 


0 »OOOE *00 
2,270C*01 
1 .627E + 01 
1.740E*01 
9,M9£f00 

2.763EV00 

2.258E-01 

7.734E-01 

3.519E-01 

4,1091-02 

1.817E-01 

1,8401-01 

1.750E-01 

1,7501-01 

1.931E-01 

2.1151-01 

2.309E.01 


0 . 600 F 90 A 

1. «03£*0i 
l,945Ft0l 
1 , 779 E- + ot 
1.97flF*0i 
1 . 886 F +01 
l,694ft0j 
1 ,489£*0l 
1 ,295E*0i 
1.106E*Ol 
9.202F+00 
7.486E400 

6 , 289 FtOO 

6.289EtOO 

6,387F*00 

6.487F+00 

6.589C+00 


0 «OOOE *08 
3,9531-01 
5.769E-02 
6.431E-02 
4.344E-02 
2,4641-02 
1. 2911-02 
6.5951-05 
2.4001-05 
1.927E-03 
7.2221-03 
1 . 391 E -02 
2.007E-02 
2 . 2161-02 
t . 2011-02 
3.806E-03 
1.06ie-03 


o.eoct^ed 

2.S?4£-®1 

6.259F-02 

3.050E-02 

3.I35F-02 

6.717F-C2 

e: 323 E -02 

7 . 491 E -02 

6. ©671-02 
4 . 84 BE -02 
J.850F-02 
2,8741-02 
2.017E-02 
2.017E-02 
2.028E-02 
2.039F-02 
2.O52E-02 


0 , 0001*00 
6.758E-03 
6.fla9E-02 
l,129t-01 
1.699E-01 
I. 5291-01 
1.0S6E-01 
7,2911-02 
4.394E-02 
1.3481-02 
2,4421-02 
6.554E-02 
9,6661-02 
9,6661-02 
9.6881-02 
l.Ollt'Oi 
1.0321-01 


0.O0OE*00 
1,0051-06 
1.446E-05 
1.861E-0S 
2.7131-05 
2,762£-0b 
2,7631-05 
2.764E-05 
2.765E-0S 
2. 7671-05 
2,7681-05 
2.769E-05 
2. 7711-05 
2.771F-0S 
2.771E-05 
2.7TIE-05 
2,771C-e5 


0.0001*00 

O.OOOE+00 

6.000E*08 

O.OOOEtdO 

1,4611-06 

1.927E-05 

1.2521-04 

1.2311-05 

2,0541-05 

1,5201-05 

5,6741-05 

1,1351-04 

2.7931-05 

2,2841-0$ 

8,4621-05 

1.9921-04 

5.4511-OS 

2,5301-05 

4,9061-05 

3,1801-04 

7,0561-05 

1.2311-05 

1.2371-05 

2,8851-04 

7. 16J1-05 

9,1251-07 

3,8261-05 

1,9851-04 

7,1601-05 

1.454E-06 

4,3591-05 

1,41 31-04 

7,1601-05 

7.7121-07 

4.1621-05 

6,79«1-CS 

7,1531-05 

3.1451-06 

4.0971-05 

2,7561-05 

7.1481-05 

4,1241-06 

3.4121-05 

5.2321-05 

7,1481-05 

4.J17'l-06 

3.9651-05 

1,6671-04 

7,1481-05 

3,6731-06 

6, 5131-05 

3,0731-04 

7,1.481-05 • 

3.6731-06 

7,1771-05 

3,0731-04 

7,1461-05 

3.3541-06 

4,0231-05 

3.2291-04 

7,1481-05 

3.8361-06 

1,3491-05 

3, 3911-04 

7.1481-05 

3.8291-06 

4,3441-06 

3,5101-04 


THE ANALYTIC SCIENCES CORPORATION 


CROOP 13 MLS CLEViriQN BUS 


O tn 


102.00 

!«i2.00 

1090.00 

1350.00 

1 550 . 00 

1650.00 

1670.00 

1730.00 

1790.00 
1^36,00 
1^36,00 
I8«6.00 
18(16,00 

1 860 . 00 
187*1,00 
188a, 00 

I8<?a,00 

I’OU.OO 
I’M. 00 
1’26.00 
1 ’3a ,0.0 
l’«3.50 
l’«3,50 
I9aa,50 
l’«S,50 
19(J6.S0 


1932,00 

1932.00 

1990.00 
. 1550,00 

1550.00 

1610.00 

1670.00 

1730.00 
' 1790,00 

1836.00 

1836. 00 

1806.00 
ISao.OO 
1860.00 
187a, 00 
1 88a , 0 0 
l89a,C0 
i9oa,eo 
t’19.00 
1 ’29 . 00 
l’3a,oo 
1’93.50 
1’95.S0 
19aa,50 
l’«5,50 
1996,50 


POSITION tSTlHATf CRROA 

P D C 


VfUnCITY fSTlMATB ERROR 
R D C 


0«OOOF*00 
2.2eSB*oi 
‘ 1.’72 E*oi 
l.’52E*ot 
1.676 £»oi 
l,37oE*oi 
1.157Etai 
’,955Ftoo 

7 . 39oE>aQ 
5,369f*ea 
3,ao6Etoo 

1.673E+00 

3.3732-01 

S,00aE>09 

2.’77E-02 

1.28aE-02 

9.761E-03 


o«oooc«oo 
3«S5a£*oo 
5,89o£*oo 
5.627E+00 
9,716E*00 
3,257£*oo 
2.367E*00 
1 «6J fl£*00 

’.96»£«oj 

3.822E.01 

1.959£,o2 

1.52IE-01 

2.223E-01 

2.2l5£-ot 

2, a& j E«o } 

2.707E-01 

?.’S2£-oi 


o.eeoCtoo 

7,227£*0i 

5,l9if.oi 

5.820F-0, 

2,513£-0| 

l.506E-0t 

1 »6?U£-0j 
1 ,S65E*0i 
1.928F-01 
1.189E-0J 
9.301C-02 
7.193F-0? 
3.601E-03 
9,331£.0, 
U260F-01 
2,«82E-0l 

3.710C-01 


0*000£«00 

5,6o9E»02 

6.961E-02 

9.73?E-02 

1.693£-0: 

1 .790E-0J 
1.783E-01 

1 .763E-01 
1.7aiE-ot 
1,725£*oi 
1»721E-oi 
l.7a2£-oi 
1 , 786E>'0 1 
1.9H9E-01 
7.835E-02 
2,9a9E«02 
6.660E-03 


0.OQ0B9O0 

’.oaiE-oa 

’.587E-03 

6 . 505F - 0J 

5,226e-02 

6.17ir-o; 

5.953f-o2 

5,5a8£«02 

S.091F-02 

«.«66E-02 

3 . 776E-02 

2.99SF-C2 

2.aJ5£-02 

2,«i4»«E-02 

2,9eSE-P2 

2 ,«« 3f-02 

2*9Sa£«02 


plrtpgmh tilt- estimate 

R D 


ALTITUOE VELOCITY 
RATE ERROR MAC ERROR 


OtOOOE^OO 

S . 342E-02 
7 . 832E-02 
7.037E-O3 
«. fl07t-02 
3 . 982E-02 
5 * 0 ? 6£-02 
6 . 0S1E-02 

T . oeTE-02 

8>183E-02 

9 , 5a2£-02 

1 . 099E-OJ 

1.2l6L>01 

I,2l5£-0l 

1.221E-01 

1.226E-01 

1.232E-01 


o*eooE*oo 

2.621E-07 
6.995E-06 
’.951E-06 
1 .6ia£-05 

1.929E.05 

l,925f-05 

1.926£«05 

1.927E-05 

1.928E-C5 

1.930E-O5 

1.931E-05 

1.932E-05 

1.932E-0S 

1.9.32E-05 

1.932E-05 

1.932E-05 


8»OOOE*09 

7.088E-06 

5.275E-07 

9.697E-06 

1 ,a3ae-o5 

2.270E-0S 

2.269E-05 

2.269fc-05 

2.269E-05 

2.268fc«05 

2.268E-05 

2.267E-0S 

2.267E-C5 

2.267E-05 

2.267E-05 

2.267E-05 

2.267E-05 


o.oooeyoo 

1.02a£-06 

5,S92E-o6 

6.295E-06 

2,1902-06 

9.503E-06 

9.987E-06 

9.972E-06 

9,a56E-06 

9,a«lE-06 

9.92SE-06 

9.909E-06 

9.395E-06 

9.395E-06 

9.393E-06 

9.392E-06 

9.390E-06 


O«00OE*0O 

5,6o6E-02 

6.9A9E-02 

’.737fc-02 
1 . 6u2E-01 
1 »7e8E-01 
1 .78IE-01 
1.762E-C1 
1 .7a lE-0 1 
1.7?5fc-oi 
1 .722E-01 
1 , 7uaE-0l 
1 .TflSt-ot 
1.951E-01 
7,85j7£-02 
2.971E-02 
6.881E-03 


0.OO0E7O0 

6.515E-02 

2,8aoe-02 

U563E-02 

1 ,5a5E-02 

1.801E-C2 

1.9a7E-02 

2.506E-02 

2,72oE-02 

2,96aE-02 

6,666£-03 

1.99aE-02 
2,1 35E-02 
2.206E-02 
2,376£-02 
2,aS5E-02 
2.959E-02 


CAMMa error P32 


0«OOOE*00 

2.209E40J 

1.970E*0I 
1 .’50F*0l 
1 .67uf *01 
1.373F401 
1 < 1 56Et 01 
’.950f *00 
7 ,3A7FfOO 
5.366E400 
3 , ao6F *00 
1.673ftoo 
3,37fiE-oi 

1.0»9£»15 

2,9afl£-o2 

1.276E-02 

9.9I5E-03 


0.O00E*00 

1.996£*oO 

9.2fl9E»ao 

9 . 0B8E*oo 
9.3aiE*oo 
3.300E400 
2.902E+00 

I .637E400 

9.6a5£-0l 

3.973E-01 

’.8JOE-03 

1.975E-01 

2.2l5£.fli 

2.21SE-01 

2,a66E-0t 

2.7ia£-oj 

2.961E-0I 


O.OOOE+Op 

3.139E400 

«.27a£tOo 

9.030E*0o 

2.029f40o 

2.962E-01 

2.202E-01 

2.981E-0, 

1 ,632f-0t 
1.093E-0I 
8.567E-0R 

6.935E.QJ, 

3.619E-0J 
3.6J lf-05 
1.252E-01 
2.97a£-0i 
3.703E-01 


O.OOOEtOO 

5.601E-02 

7.000E-02 

’.7afl£-o2 

1.6a3E-0l 

1.789£,oi 

1.782E-0I 

1.762E-01 

1.7atE-0t 

1 .725E-01 

I.722E-0J 

1.7aaE-oi 

1 .Teas. 01 

1.951E-01 

7,8S6£-02 

2.970E-O2 

6.877E-03 


o,eoop*oo 

9.99je.o2 

S.399F-02 

9,991f-oj 

9 .’ 50f - o2 
6 , 6ft6r-02 
S.839r-62 
5 . ie « r - o2 

9 . 826F-02 

9 . 973F-02 

3 . 697F-02 

3 . 1t6F-02 

2 . 515E-02 

2 . Sl7r-02 

2 ,« 99f « oa . 

2 , a8i £- o2 

2 ,« 65f-02 


0*OOOE900 

1.925E.02 

5.752E-02 

«.972£-02 

2.3a]E-0? 

3.126E-02 

5.21.2E-02 

6.381E-02 

7.236E-02 

S,169E-02 

9,fi75E-02 

1.093E-01 

1.211E-0!. 

1.2I2E-01 

1,2181-01 

1,225E-Qt 

1.23U-01 


O.OOOE^OO 

2.9J3E-07 

7.008E-06 

9,98a£-06 

1.622E-05 

I.932E-05 

l,9S2E-05 

1.953E-05 

X.933£-0S 

1.95aE-05 

.U935E-05 

I»935E-C5 

1.936E-05 

1.*56£-o5 

1.936E-0S 

1,936E-C5 

1.936E-05 


OfOOOETOO 

3.S8SE-06 

3.956E-06 

1.825E-C6 

1 ,522t-05 

2.3C3E-0S 

2«2a7£-05 

2.228E-05 

2.2a6E*05 

2.262E-05 

2.267E-0S 

2,267£-05 

2.26SE-05 

2.2b5t-0S 

2.265E-05 

2.265E-05 

2,265E-0S 


C.OOOEtOO 

6.199E-06 

3.963E-06 

7.599E-06 

1 .OaiE-05 

1 .65.6E-06 

5.301E-06 

6.036E-06 

5,3«0E-06 

9.590E-06 

9.278E-06 

9.270E-O6 

«.iS2E-06 

9,3S2£-06 

«.3beE-06 

9.36a£-06 

9.366E-06 


OfOoOE^OO 

6.051E-05 

1 *9o2b-oa 

1.0l6E«oa 

2.970E-09 

3.238E-0a 

3.252E-09 

3.231fc-0« 

3,282fc-oa 

3 , 337t-oa 

3,5s6t-09 

9.962E-09 

5 . 698E-oa 

9,625E-oa 

2,576t-oa 

8,370fc-05 

2.916E-05' 


O.OOOE^OO 

3.291E-05 

l.ois£-oa 

8.806E-05 

9.390E-05 

S,920Ep05 

’.68eE-05 

1 .292E-03 

1 ,958E.0a 

1.70CE-oa 

1 ,976£-oa 

2.775£-oa 

3,dSCE-0a 

3 . bSo E-ca 

3,976£-0a 

9, 107E-Oa 

9,:6se-o« 


G-26 




TIHf 

1432.09 

1432.00 

1490.00 

1550.00 

1550.00 

1610.00 

1670.00 

1730.00 

1790.00 

1036.00 

1836.00 
16 ( 16.00 
l«(i6,00 

1860.00 
I 87 ( J ,00 
1880.00 

1690.00 

1400.00 
PlO.OO 

1420.00 

1430.00 

1401.50 

1405.50 

1400.50 

1405.50 

1406.50 

time 

1032.00 

1032. 00 

1090.00 

1550.00 

1550.00 

1610.00 

1670.00 ' 

1730.00 

1740.00 

1816.00 
1 636.00 
16 U 6.00 
16 ( J 6,00 
1 860,00 

1870.00 

1880.00 

1890.00 

1900.00 

I’jd.oo 

1420.00 

1430.00 

1403.50 

1403.50 

1900.50 

1405.50 

1406.50 


6»0UP 15 MLS 0H£ i|AS 

POSITION. ESTIMiTf PRROft VELOCITY ESTIMATE ER«0» 

“ C R e c 


. . ..PLATEORM TILT ESTIMATE - ■ 

P D . c 


ALTITUDE VELOCITY 
RATE ERROR MAL ERROR 


O.O0OF9OO • 0,000€*00 
2.738E+00 T,?77E*oo 
2.621E+00 7,06oe*oo 
2,568F*00 7,327E*00 
2.«lflE*oo 7,3«7E*00 
2.235E+00 7,O06E*00 
1.454E+00 7,O77 e* 00 
t,il76E*00 7,509 E*oO 
5,9nE*0l 7.585E400 
2,9l9f-oi 7,660EtOO 
1.022E-01 7,6 o7£*O0 
1 ,7O0E*02 7,606E*00 
.1 .066E*-02 7,6S4£*oO 
1.408E-02 7,671E*00 
1.627E-02 7,68o£*00 

U V 


O.OOOF + Oo O.eOtJEAOO 
8.316E-0J J.017E-02 
2,|72F"0i 6,08oe» 03 
7.220E-C?' l,6o0E-03 
8. 1B5E-0? 2.70PE-0O 
2.863E-02 1.OO5E-05 
1.O79E-0? 3.496E-03 
7.322E-0? 8.060E-03 
4.007E-0? 1,«47 £-o 2 
V,0lSE»Oi t,65et»02 
4.O09E-02 2,10lE*-02 
4.035E-0? 3.247E-0? 
5.015F-0? 1.766E-02 
5.9O1E-05 ?,545E-03 
3.824E-0? l.SooE-03 

W U 


0. 000F990 
5.S34E-02 
2.602E-02 
1.077F-02 

1.296F-02 

t.305F»02 

1.437E-02 

1. R12F-02 
l.lftCF -02 
1.236F-02 
1.238E-02 
i.2«2F-02 
t..2O6F-02 
l.2‘52F-02 
1.259F-62 

V 


S.OOOfc^OO 

«,25^E-02 

4.078E-02 

3.215F-02 

3.353E-02 

5.536t-02 

3.729E-02 

5.406E-02 

«,e53E-02 

R,?5St-02 

«,023E-02 

«.«25E-02 

«.« 24 E*t )2 

4.424t-02 

4 . 025 E -02 


0. 000FtOO 
6.197E-C7 
7.054E-07 
l.ORlE-06 
1.03VE-06 

1. C3ttE-06 
l,93bE-06 
1.035E-06 
1.039E-06 
1.932f-06 
1.031E-06 
1,0.3 IE- 0 6 
1.031E-06 
1.031E-06 
1.031E-06 

U 


O.OOOEYOO 
5,0l3b-06 
(*,343fc-06 
3.172E-07 
3, l88fc-07 
3.205E-07 
3.22!t-07 
3.237E-07 
3.253fc-07 
3.P70E-07 
3.285E-07 
3.285E-07 
3.2B7E-07 
3,?<JfiE-07 
5,290E-07 

V 


O.OOOE+CO 
6.151E-06 
1 .026E-07 
2 ,e 6 lE -06 
2 . 661 E -06 
2.662E-06 
2.682E-06 
2,602E-O6 
2 . 683 E -06 
2.afl3E-06 
2,a83E-06 
2.»63E-06 
2.663E-06 
2.883E-06 
2,e83E-06 


O.OeCE+00 O.OOOE+OO 
2.C35E-02 4,i75£-03 
8,5 o7E-o 3 7.C66E-03 
1 .7 j U-03 5.3UE-03 
3,3fi2£"0O 1.200E-02 
l,3B7E-03 1.507E-02 
3.4 u 5E-03 1.607E-02 
8,0j3E-03 l.bOOE-02 
1.49U-02 1.095E-02 
l,8a6E-02 l,3l7E-02 
2,10?c-02 1.26OE-02 
3.296E-02 1 .29CIE-02 
1.787E-02 1.257E-02 
5.6UE-03 1.2O5E-02 
1.562E-03 1.209E-02 


gamma error psi error 



9.COOE+00 e,900E*00 
2,769 F*oO 5.306E+00 
2.852F*C0 6,722E*00 
2.596F400 7,25!E*00 
2.437E+00 7,337E*00 
2.260E+00 7,36?E*00 
1.482E400 7,O6OEf00 
1.490E4OO 7.50UE400 
6.170F-01 7.56OE400 
3,J06E-01 7.660E+C0 
1 . I96F-01 7.607E*00 
3,8568-11 7.6O7E400 
6.700E-03 7.659E.00 
2.4O3E-03 7.671E400 
1.Q62E-03 7.680E«00 


0. 000E+Oo 9.000E+00 
5.031EYO0 2.030E-02 
3,264 E*oo e,679E-o5 
4.8OOE-01 1.528E-03 
1.778E-0| 1.52OE-0O 
4.812E-01 1.S66E-03 
3.21OE-01 O.123E.05 
1.159E-01 8,166E-03 
3. 158E-0? 1 .S09E-02 
U.703E-02 1.862E-0? 
6,453E-0? 2.113E-02 
6,953e-0p 3.3ICE-0? 
2.783E-0? 1 .798E-02 

1. ttlOr-02 5.720E-03 
5.716E-0? 1.670E-03 


0. 000fTOO 
2.690F-03 
4.167F-03 
6,65«E-03 
1 .322E-02 
1.563F-02 
1.576F-02 

1. B30E-C2 
l,loaF-02 
1.201E-02 
1.219F-02 
1,220.F-02 
1.229E-02 
1.239F-02 

1.248E-02 


o.oooe^oo 

6.965E-C2 

4.817E-02 

3.325t-02 

3.304t-O2 

3.436E-02 

3.67tt-02 

3,896E-02 

4,056t-02 

fl,254E-02 

4.O22E.-02 

a.o22E-02 

tt,a 2 OE .02 

4.O26E-02 

a,O2»E-02 


0, 0008*00 
8.325E-07 
7.202E-07 
X.0O6E-06 
l.OBBE-06 
1.0O3E-06 
l,OO2E-06 
i.OOOE-06 
1 .039E-06 
i,038F-06 
1.O37E-06 
1.037E-06 
1.036F-06 
1.03&E-06 
1.0S6e-06 


o.eooE+00 

8.190E-06 
3.937t-06 
6,600t-07 
2.226E-07 
1.267E-07 
2, U3E-07 
3.117E-07 
3,508t-o7 
3,503t-07 
3,Oc2t-07 
3,002t-07 
3,39Ofc-07 
3,3fl7£-07 
3.36OE-07 


O.OOOE+OO 

1.456E-07 

1.9O5E-06 

2,016E-O6 

2.6fl9£-06 

2.69SE-06 

2.690E-06 

2.682E-C6 

2.676E-C6 

2.670E-O6 

2.660E-06 

2.88CE-06 

2.06OE-O6 

2,‘680E-06 

2.880E-06 


O.00OE40O 

3 .O 69 E -05 

1.098t-05 
7,6o2£-06 
9,691£-06 
4,3«9£-06 
5 , 3 o 6 t -06 
2.727E-06 
2.5o5c-OS 
4 . 474 E- 0 S 
6.595E-C5 
l.OoOE-04 
5.766E-05 
1.838E-05 
4 • 436 E»O 0 


0. 000E*0O 

1 .233E-00 

4,024£.oS 

6.285E-05 

6.229E-0S 

6.673E-05 

7.37SE-05 

8.09CE-0S 

8,O09£-05 

1 , oaoE-oo 

1 .OOOE.OO 
1,000 E-OO 

l.oa 2 E- 0 (( 

1 .O62E-00 
1.503E-0a 


THE ANALYTIC SCIENCES CORPORATION 





group X3 MLS DME SCALE FACTOR 


O 
O 


s 

CJ 


! 2 i 

> 

tr* 

> 

O 

C3 




0 

1 

IS 5 

-4 


TIME 

Jfl32.00 

Itt ’ O.OO 

1550.00 
1 5 5 0 1 0 0 

1610.00 

1670.00 
1T30.00 

1790.00 

1036.00 

1036.00 . 

1096. 00 
1*96.00 
1**0, 00 
1*79,00 

• 1**9. 00 
1S'»9,00 
190«,00 
1^19,00 
l ^ i 9,00 
1’39,00 
P 93.50 
1’93,50 

1999.50 

1995.50 

1996.50 


TIME 

l«32,00 
195?. 00 

1990.00 

1550.00 

1550.00 

1610.00 

1670.00 

1750.00 

1790.00 
1*36.00 
1*36.00 
1*96,00 
1*96.00 
1*60.00 
1*79.00 
1*09.00 
1*99.00 

1909.00 

1919.00 
19?9,00 
1’39,00 

1993.50 

1993.50 

1999.50 

1995.50 

1996.50 


POSITION CSTiMATt ERROR 

" 0 c 


0 . 00 0E 600 
S . 879 C 400 
*,359E*oo 
6 . 379 E +00 
5,2!?F*oo 
9 , 1*OE»00 
3, 1 i 7E*00 
1 .960E*00 
6.51SF-01 
2.556E-01 
9.377E-02 

1 , l * 9 E -02 
2 , 60 bE -02 

1 .*90E«02 
l,995£-02 

U 


0*OOOE*00 

?'* 360 E * 0 1 

2.?0*C+01 

U*03t*0| 

1 ,573E*0l 

l.37lE*ei 

l»177e+oi 

9 | 909 E *00 

*.0fl0£+00 

6,92}E*00 

s • 1 39 C >00 

5,139E*oo 

3.1 UE^OO 

5..0?o£*00 

5,070E»00 


VELOCXTT ESTIMATE ERROR 
P 0. g 


O.OOOE600 
2.697C*00 
5,9o7F-0| 
2 . 296 E . 0 J 
1.909E*0i 
6 . 951 E -02 
3.OO5F-0? 
7.991E-02 
6 . lose . 0 ? 

7.21SE-02 

8.2J2E-03 

8.092E-05 

1.5*9E-0i 

3.101E.01 

9.616E-01 


0(000E«00 

6.590E-02 

1.216&-02 

6 . 69 OE .02 

6 , A 16 E *02 

6.399E-02 

6.28SE-02 

6.1**£-02 

5.930E-02 

6,656E»02 

7.957E-02 

6.9Q1E-02 

3,779f02 

1.239E.02 

9,00SE.03 


9*090E600 

1.79SE-01 

1.893E*02 

1.282E-01 

1.137E-01 

l.OdSE'Ol 

8.756E-02 

7,560E-02 

6.139E.02 

9 . 091 E -02 

2.395E«02 

2 . 399 C -02 

2.22SE-02 

2 . CS 9 E -02 

S,90}E*02 


S . OOOE 600 
••9*0E*0O 
0 , 995 E *00 
6.99VE*00 
5.27oE*00 
9.227e*00 
3. 1S9E*00 
1,963£*oo 

6 . 729 c.ot 

2.712E-01 

S,560E-02 

1.793E-11 

1.903E-02 

6,160E-OS 

2.557E.03 


nATFORM tilt estimate 
R 0 


ALTITUDE 
RATE ERROR 


VELOCITT 
hag error 


StOOOETOO 

I . SSOE-Ol 

1.363E-01 

1 , 0971-01 

iil 02£-01 

lil69l-01 

1,2271-01 

1.2S61-01 

1. 3531-01 

1.9331-01 

1. 5051-01 

1.5051-01 

1.5091-01 

1. 5131-01 

1«517E-01 


O.OOOEtoo 

2.658E-06 

2.092E-06 

5.559E-06 

S,530E-06 

5 .506E-06 

5 . 982 E -06 

5,fiS*£-06 

5.939E-06 

5.91OE-06 

5 . 3 a 8 E -06 

5,36*E-06 

S . 385 E -06 

S.383E-06 

5.380E-06 

U 


0 . 0001*00 
1. 7551-OS 
1 .2051-05 
6. 9711-06 
0.9931-06 
0. 5151-06 
8.5371-06 
0,5591-06 
*.5811-06 
0.6O3E-O6 
0.6231-06 
0.623fc-O6 
0.626E-O6 
0.62*1-06 
0.63O1-O6 


o.oooeaoo 
1.72!E«o 1 
1.98JE*01 
. 1.7031*01 
1.57lE*0l 
1.367E401 
1.175E+01 
9 ,*- 9 B £400 
0 , O 70 £* oo ' 
6.92t£*00 
5, 139E*oo 
5,139E*00 

S.ll!E*00 

5 , 0 * 9 E*oo 

5,069£*00 


0,0O0E*O0 

1.99SE-05 

2.280E-0S 

9.796E-05 

9. 796E-05 

9.796E-05 

9.796E-05 

9.796E-0S 

9.795E-0S 

9,7a5E-05 

9.795£-0S 

9.795E-05 

«,79b£-05 

9.79SE-05 

9.795E-0S 


O,0oOE*0O 

6 , 6001-02 

1.2u6E-02 

6.766E-02 

6 , 973 t - o 2 

6 , 386 E -02 

6,3j6£-02 

6,2051-02 

5 , 9351-02 

6,6u7E-02 

7 . 930 E - O 2 

6,S82£-02 

3 . 759 £- o 2 

1 , 2181-02 

3, 78SE-03 


0 , 0001*00 
3.090E-02 
7,8591-02 
■ 1.559E-01 
1,263E-01 
If lOOE-01 
li0l2E-0l 
9,5«8E-02 
7,St6£-02 
9 . 599 E -02 
2,53«£-02 

2 . 572 E -02 

2.3:9E-02 

2 -,: 09 E -02 

1.991E-02 


OAMMa error PSI error 


o . oooE*oe 
1.632E*0{ 
9 , 689 E * 0 o 
2.979E*0e 
■ 3, 6561-01 
0 . 796 E - O 1 
9,0961-01 
1.359E-01 
1 . 079 C - o ^ 
2.6981-02 
2.9761-02 
2.9761-02 
1.73*1-01 
3 . 2391-01 
9.7«1E-0i 


0 * 900 E*Ofl 
6,6971-02 
1.1961-02 
6.72JE-02 
6.9331-02 
6,3521-02 
6.200E-02 
6, 182E-02 
S.9i7£-02 
6,6391-02 
7.930E-02 
6,8791-02 
3,7511-02 
1 . 2111-02 
3,7191-03 


o.oe«r*ee 

6, 3731-os 
7.9951-02 
1*9011-01 
1.0961-01 
’.2061-02 
0.26OE-O2 
7.9751-02 
6.2301-02 

9.1781-02 

2.9271-02 

2.9271-02 

2.2611-02 

2,0961-02 

1.95*1-02 


0.e09E*00 
. 2. 2591-01 
1.1201-01 
8.7991-02 
1.142E-01 
W2311-01 
i«261E-0l 
1,2901-01 
1.3501-01 
1, 9311-01 
1.5061-01 
1.5D6E-01 
1.5091-01 
1,5131-01 
S,516£-01 


'0«090E*00 

2.700E-06 

2.1911-ob 

5 .6261—0 6 

5,6051-06 

5,5*21-06 

5,5591-06 

5,5371-06 

5.5151-06 

5,9931-06 

5.971E-06 

5,9711-06 

5.969E-06 

5.9671-06 

5,9651-06 


0,0001*00 

2.6561-05 

9,2991-00 

1.93*1-05 

6,0691-06 

5.276E-06 

6.7551-06 

*,3271-06 

0.969E-O6 

8.9S0E-06 

0.7901-06 

0.7901-06 

0,7761-06 

0,7691-06 

0,7591*06 


0 , 0001*00 
6,3931-07 
2.5781-05 
«»60U-05 
7711-05 
9,7921-05 
9.773E-0S 
9, 7991-OS 
9.737E-05 
9. 7381-05 
9.792E-05 
9.7911-05 
9.791E-0S 
9,7921-05 
9.792E-0S 


0.0001*00 
9.953E-0S 
3,2021-05 
9. 2511-07 
2.9*21-05 
3,6921-05 
9.37*1-03 
9,9611-05 
8.312E-05 
1.613E-09 
2,396E-09 

2, l70£-09 
1 ,21 51-09 
9,0091-05 
I.229E-0S 


o , oooE*eo 

9.000E-09 

2,096£-09 

1.6631-09 

2. 1521-09 

2. 3991-09 

2.537E-04 

2,6901-09 

2,819E.09 

3,6391-09 

9.7851-09 

9,7651-09 

9.925E-09 

5,0721-09 

5,1521.09 



G-28 




CROUP 14 MLS AZIMUTH SECOND-ORDER MAR1K}V (MULTIPLY BY 0,707) 


POSITION ESTlMATe CRflOP 


Ti«e 

ifl32.00 
losa.oo 

■1^50.09 

4550.00 

UlO.OO 

ihTo.oe 
,lT30.f!0 

1790.00 

lfi36.00 i^o«oe-to 

1636.00 • T 106F-01 

16<J6,00 ?.5?2C*00 

1696.00 a.’666r-ei 

1668.00 ?.597E-01 

1879.00 1^0fr?P*00 

1669-.00 l,061F*oo 

1699.00 9,9<>«t-01 

1909.00 8.9rt|F-oi 

1910. 00 6,737E-01 

PSU.OO 2.5J7E-01 
1^30,00 U2P1F-M 
1^93. 50 6,730f-C2 

1995.50 1.510F-02 

1990.50 l,79aE-02 

1905.50 1.933F-02 

1996.50 l,9l5f-02 


t,oooc-in UOOOF-lp 
?,?90E»00 1,J16C*01 
6,5?5E*08 1.396F*0l 
9,n«flE-0l l.l29F*0i 
7.J2IE-01 9.777F*0n 
3,57nF400 9^«65F+00 
3.856F*00 1^05l£*0i 
3,660E*00 9,B59r*0o 
3.665E*00 9,JO0F*0fl 
3,9 i3E*3o fl,2U3F*0a 
3,9l6£*00 7^275F*0n 
3,95«e*00 6,273F*00 
3,909 E*oo 5,500E*06 
3.9ti‘}E*00 5.,500E*00' 
3,9a5E*00 5.521CtOo 
3,9«5 e* 00 5^56ie*0o 
3,950E*00 5,68oe*00 


time 

U 

V 

1932.00 

1032.00 
• 1990,00 

1550.00 

1550.00 

1610.00 

1670.00 

1730.00 

1790.00 

1836.00 

t.*eooc-io 

i*oooE>te 

1836,00 

9,«?7E-oi 

1.137E401 

1806.00 

2,5O0E*O0 

l,5ott+0l 

1806,00 

5^108F-01 

8,057E*00 

1860.00 

• 2^576F-01 

3.677E400 

1870,00 

1 ,079F*ftO 

3.532E400 

1680,00 

1,072F+00 

3.A32Ft00 

1890,00 

1,052F400 

3,8P8E400 

1900.00 

9.027F-01 

3.699E400 

1919,00 

6.6S9F-01 

3,912E*00 

1929,00 

2,632F-0l 

3.910E400 

1930,00 

1.329F-01 

3,.956£400 

1995.50 

7,955E-02 

3,9o9E40C 

1905,50 

1 .C86F-08 

3,99«»C400 

1900.50 

l,*«O0£-02 

S.995Et00 

1995.50 

6,2?2E-01 

3.996E400 

1996,50 

2.3O2F-03 

3,95U400 


W 


i,eoor*ift 

T,0t9Et0fl 

5,550F*00 

7.691F+00 

o^ooar+oo 

9.096^*00 

lt052F*0j 

9,6o7Et00 

9,093F+08 

6,2o?f:40o 

7.276F*Oo 

6»270F*00 

5.500F+00 

5,500F + 00 ■ 

5,5?OE40o 

5,S80£*Oo 

5.679Et00 


VELOCITY FSTINATE ERRPP PLATl-ORH TILT ESTIMATE 

^ 0 . C . R O' C' 


l.OOOE-10 

l,96?e-05 

2.235E-01 

1 ,B7SE-0r 

1.925t-02 

2.956E-02 

3,757£.(32 

9.026E-02 

O.O36F-02 

9.996E-02 

5.670t-02 

6.1l3e-02 

6.5OOE-0? 

7.095E-02 

3,79oE«02 

I.161E.02 

3.068E-03 

U 


1 «eooE*io 
1,976E«03 
?,260E-M 
1 .90UE-01 
! ,967e-02 
?,976F-02 
3,769E-02 
■9.0Sfl£-02 
9.O75E-02 
5.036E-02 
5.709E-02 
6. J55E-02 
6.59?E-02 
7.08TE-02 
3,633E-02 
1 ,200E-02 
3.291E-03 


1,000F*10 
9,377F-0Z 
5.909E-02 
l,215e.01 
1.57JE-01 
9.905E-02 
9.659F-02 
9.57BF-02 
9.P26F-02 
l,C3.6F-0l 
I.UlE-01 
1 .193F-01 
l,266f-0l 
I.266F-01 
1.269E-01 
l,27Jr-01 
1,276E«01 

V 


l«0O0E«10 

1.262F-01 

9.75OP-01 

’.539E-01 

3,269F-01 

1.128F-0I 
1.016E-01 
UlOOF-Ol 
1 .073F-01 
I,6«9F-0! 
l,.0«9E-fll 

1.172F-01 

1.2S6F-01 

1.256F-01 

1.260E-01 

t.265f-.01 

1.269E.0I 


l«DOOE-lfi 

1.189&-01 

1,316E«00 

t.335E*0O 

S,879t-01 

3,587fc-01 

3.499E-01 

3.229E-01 

3,tOOE-01 

3.7C2E-01 

3, fl56t-01 
«.OOU*Oi 
fl.sesE-oi 
<l,5^5F-0l 
9,635E-0t 
4.6auE-01 

4. T34E-01 

. h 


1.0Q0£*1Q 

S,379t»03 

6.R50E-01 

9.R12E-01 

5,1301-01 

3.S96E-0I 

3.O29C-01 

3.163E-01 

3.U9E-01 

3.197E-01 

3,462E-01 

9,007E-01 

a,5B7£»0l 

a,557E-01 

«,637E-0l 

0.687E-Q1 

4.736E-01 


I.OOOE-IO 

5,«97£-07 

9,«97E-03 

9.736E-03 

5.2S3E-05 

5.303E-05 

5,30lE-05 

5.299E-05 

5,297E-05 

5.29SE-05 

S.292E-05 

5.290F-05 

5,2aeE-03. 

5,2fl8E-05 

5.2fl8E-05 

5,267£-0S 

5,2fl7E-05 

U 


1.080C-10 

5,025F-07 

9,620£-05 

9.860£-05 

5.307E-05 

5.276F-05 

5.276F-0S 

5,27b£-oS 

5.27UE-03 

5.279E-05 

5.273E-05 

S.272E-05 

5.271E-OS 

5,27l£-05 

5.271E-05 

5.27ie-05 

5,271E-0b 


liOOOE-10 
8.673E-06 
2,675E-09 
2.719E-00 
1 ,55BE-oa 
1.906E-00 
1.967E-09 
2,026t-00 
2, 06 OE-00 
2, 139E-00 
2, 19OE-09 
2.297E--09 
2.296t-0« 
2,296E-00 
2.301E-09 
2,307£-09 
2.312E-00 

V 


UOOOE-IO 
7.305E-07 
1 ,587E-oa 
1 ,609E-09 
I ,262t-09 
1 , B6ilt-0« 
1 .97OE-09 
2,036E-00 
2 , 090t-00 
Z.IOU-OO 
2.193E-00 
2.206E-00 
2,296E-00 
2.296E-0O 
2,301E-0fl 
2.306E-09 
2.312E-09 


l.OOOE-10 

9.259E-06 

1.729E-0S 

l,bS3E-05 

3.523E-05 

2.561E-05 

2,567f-05 

2.573E-05 

2.S80E-05 

2,566E-05 

2.592E-0S 

2.599E-05 

2,60«E-05 

2.609E-03 

2.605E-0S 

2,606E-0S 

2.606E-05 

k 


1,OOOE-10 
9.637E-06 
2. 155E-09 
2. 162E-09 
9,756E-05 
O.760E-05 
2,090f-05 
1.680F-05 
2.031E-05 
2.S06E-0S 
2.725E-05 
2.720E-OS 
2.66IE-05 
2.661E-05 
2,656E-05 
2.651E-03 
2,6«9E-05 


ALTITUDE 
RATE ERROR 


UOOOE-10 
1 .6S9E-03 
2,260E-CI 
1.906E-01 
1 .989E-02 
2.970E-02 
3.766E-02 
O.056K-02 
O,Ofr9E-02 
5.031E-02 
5.700E-02 
6, ISlE-02 
6.589E-02 
7.083E-02 
3.830E-02 
1,197E«02 
3,262E-03 

CAKHa error 


U623E-13 
6.262E-0S 
8.883E-00 
6. 191E-00 
2.O61E-09 
1.069E-09 
8.357E-0S 
9.250E-OS 
9,8i9E-0S 
1,058E-00 
1.121E-00 
1.516E-0O 
2.07lE»Ott 
2.223E-09 
1.239E-00 
3,9i5E-0S 
l,oaiE-05 


VELOCITY 
HAG ERROR 


l.OOOE-10 
1,203E-01 
6i999E.01 
S.9J3E-01 
3.0O8E-01 
9,636F-02 
9.695E-02 
1.050E-01 
1.C33E-01 
1.C21E-01 
1.096E-01 
1,18JE-01 
1 .259E-C1 
1 .260E-0I 
1.262E-01 
1.265E-01 
1.269E.01 

PSl ERROR 


X.712E.13 
6,157£-06 
1 ,569E-03 
1.669E-03 
9.631E-09 
6,7l8£-09 
6.O71E-0O 
6,1 96E-09 
6.272E-00 
6,652£-09 
7.222E-09 
1.018E-03 
l,056E-03 
1 ,05eE-03 
1.5:3E-03 
1.S71E-03 
.610E-03 


THE ANALYTIC SCIENCES CORPORATION 


‘f 
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> 

Q 



■f 


9 

CO 

CO 


GROUP 14 


« 

MLS ELEVATION SECOND-ORDER MARKOV (MULTIPLY BY 0,707) 


POSITION rSTINATe 
ft 0 


Ti«e. 

1432.00 

1440.00 

1550.00 

1550.00 
• IMfl.OO 

1670.00 

1730.00 

1740.00 

1836.00 

1036.00 
1BU6.00 

104b , 00 

1860 .00 

1870.00 

1884.00 

1844.00 

1404.00 
I’la.oo 
142U.00 
l‘>34.00 
14UJ.50 

1443.50 

1440.50 

1405.50 

1406.50 

TIHf 

1432.00 

1432.00 

1440.00 

1550.00 

1550.00 

1650.00 

1670.00 

mo'.oo 

1740.00 

1836.00 

1836.00 

1846.00 

1806.00 
I 860 , fiO 

1870.00 

1800.00 

1840.00 

1404.00 
14m, 00 

1424.00 

1434.00 

1443.50 

1443.50 

1400.50 

1405.50 

1446.50 


itOoec»ie 

l,103F*fll 
1 .8052*01 

R,54SE*o3 

6.7042*00 
7.4602*00 
7.3472*00 
6.5j R2*00 
5.4452*00 
4,2812*00 
2,8252*00 
1,4572*00 
4^233F-nj 
5,3182-03 
1.0242-01 
4,5722-02 
1,4132-02 

U 


1,0002-10 
1.102F+01 
1 ,8152*01 
8,5402*00 
6,7772*00 
7,4562*00 
7.3432*00 
6,5172*00 
5.4062*00 

4.28u2,05 
2.8202 *00 
1.4542*00 

4.2372-01 

8,3842-04 

1,0122-01 

4,3«62-02 

1.6432-02 


1,0005-10 
1.7772+00 
2,2382*01 
1,4112*00 
1.6652*00 
2.6072*00 
2,6362*00 
2,4682*00 
2. 5762*00 
2.4002*00 
3.0732*00 
2,7062*00 
2.5662*00 
2.5662*00 
2.6472*00 
2,7352*00 
2. 8252*00 

V 


1,0905-10 

4.4822-01 

1,5362*01 

1,7302*00 

1.4602*00 

2.6302*00 

2.6342*00 

2,o«52*00 

2,5622*00 

2.8492+06 

3.0722*00 

2.7042*00 

2,5672*00 

2.5672*00 

2,6482*00 

2,7352*00 

2,8282*00 


ERROR 

* 

VEUnCtTY rSTlMATE ERROR 

PLATFORM TILT ESTIMATE 


ALTITUDE 

c 

ROC 

R 0 

C 

RATE ERROR 


l,0O0P*U 

1, 0002-10 

1.000P-i9 

t*008E-10 

3,6142-01 

2,8042-0? 

«,7?0F-0« 

?,67lE-0? 

1.3152*0(1 

1.1652*00 

i,o?o 2 -ei 

3.83?2-01 

7,3642-oi 

1,0872*00 

7.757F-0? 

li76|E-0l 

?,532r-0i 

4,7082-01 

9,??92-0? 

3.6302-0? 

5.6162-01 

?.740F-et 

7.4512-0? 

4,0352-02 

5,1362-01 

3.1332-01 

9,363F-0? 

6.7572-0? 

«,6?62-0l 

3,3332-01 

l,0?3f*01 

1,0082-01 

4,1622-0} 

3.5772-01 

1,10?E-Ol 

1.396E-01 

3,6642-0} 

3,8502-01 

1,1782-01 

1.R10E-OI 

3,1242-0} 

4 . 1 482-0 1 

I.8592-01 

?. 3492-01 

2,6072-OJ 

4,4782-01 

1,3342-01 

2,9162-01 

3,7532-Oj 

4.8042-01 

1 .4042-01 

3.378E-01 

3,754f-0l 

4,9662-01 

1.O04F-01 

3.3722-01 

7 , 0362-0 1 

?.699£-01 

li4l3F-01 

5.403£-0i 

1 ,0«22*0fl 

8. 5022-0? 

1.4?lF-0t 

3.434E-01 

1,385E*0() 

?, 3852*0? 

1.4272-61 

S,Q64E-01 

W 

u . 

¥ 

N 


1,0002-10 

1,0002-10 

1,0002-10 

1,0002-10 

1*3102-07 

3,5442-06 

5,1192-07 

?, 8052-0? 

5.8792-05 

4,3912-05 

4,1022-05 

t»l66C*00 

6,b?3E-05 

7.317E-05 

?, 3332-05 

1.0872*00 

3,9?1F-0S 

6, 1 18E-05 

1,0572-05 

4,7052-01 

4.9S7E-0S 

1,0792-04 

3. 7972-05 

2,7382-01 

4.9902-05 

1 . 0782-04 

3.8032-05 

3.13JE-01 

4. 9932-05 

1,0782-04 

3.8062-05 

3.331E-01 

4,9962-05 

1,0782-04 • 

5.6142-05 

3.5762-01 

4,9992-05 

1.0772-04 

3,8?0E-0S 

3,8482-01 

5,0012-05 

1,6772-04 

3,e?62-05 

4, 1 J6E-0 1 

5*0042-05 

1 .077E-04 

3,8312-05 

4.477E-01 

5,0072-05 

1 ,076t-04 

3,8372-05 

4,80«E-01 

5.0072-55 

1.076E-04 

3.8372-OS 

4.9802-01 

5,0072-05 

1,0762-04 

3.837E-0S 

?, 6982-01 

5,0072-05 

1.0762-04 

3.8382-05 

8,4962-0? 

5.0082-05 

1.0762-04 

3.6362-05 

2.380E-C? 

U 

V 

N 

CAmha error 


1,6002-10 

l,570P*0ft 

1,6232*01 

1.1522*00 

8.4632-01 

5.0142-Ot 

5,7392-01 

5.8542-01 

4.8752-01 

3.7792-flj 

2,4422-01 

2.4742- 01 

3.6422- 01 

3.6422- OJ 

6.4742- 01 
1 .0362*00 
1.3602*00 


1.0002-10 

2,8002-02 

1.1662*00 

1,0872*00 

4,7052-01 

2.7382-01 

3.1312-01 

3,3312-01 

3,5762-01 

3,8482-01 

4,1462.01 

0.4762-01 

0.6042-01 

4.4802-01 

2,6982-01 

8,4452-02 

2,3742-02 


1.0062-10 
2.447F-C2 
2.S92F-01 
1,8392-01 
9.854F-02 
• 7.678F-02 
9.3062-02 
9.8442-02 
1.0762-01 
W181F-01 
1.2802-01 
1.357F-0J 
1.4202-Oj 
1 .4202-01 
1 , 4242-01 
1.4262-01 
1,4322-61 


1 , 00 - 62-19 

9.6262-03 

3,1872-61 

3,6862-62 

1,4162-02 

4.1692-02 

6.4412-02 

1,0522-91 

1.0212-01 

1.0142-01 

2.3402-01 

2,4072-01 

3,3662-01 

3.366E-01 

3,3942-01 

5*4312-01 

5,4622-01 


1,6662-10 

1.4662-07 

3,9062-05 

6,5602-05 

3..94S2-05 

5.0352- 05 
5.0'33E-0S 
5.0332-05 
5,0542-05 
5,0342-05 

5.0352- 05 

3.0352- 05 

5.0372- 05 
5.C57E-0S 

5.0372- 05 

5.0372- 05 
5.0372-05 


1 , 0002-10 
1,7922-06 
3,5032-06 
2,9662-05 
5.2172-05 
1 .0262-04 

1 .0882- 04 
1,0972-00 

1.0882- 04 
1,0782-04 
1,0732-04 
1,0732-04 

1.0742- 04 

1.0742- 04 

1.0742- 04 

1.0742- 04 
1,0742-04 


1,6002-10 

3,0992-06 

5,9722-05 

7.0502-05 

3.3312-05 

4.9492-OS 

3,4632-05 

3.1542-05 

3,4452-05 

3.7612-05 

3,6922-05 

3,8922-05 

3.6592-05 

3.8592-05 

3,8562-05 

3.8542-05 

3.853E-0S 


1,6232-13 
3.0262-05 
1,9742-03 
1,8232-03 
8. U62-04 
4,6952-04 
5,4<?U2'04 
6. 0202-04 
6,7032-04 
T. 4732-04 
8,6582-04 
1 ,1522-03 
1,5352-03 
1.5912-03 
8,6682-04 
2,8942-04 
8.502-05 


VELOCITY 
KAC ERROR 


1,0002-10 

3,2572-02 

1.6182-01 

1 , 8162-01 

1,1582-01 

7.0232-02 

7,0692-02 

7.565E-C2 

6,0122-02 

8,4592-02 

6,0902*02 

1,1052-01 

1,3272-01 

1,3242-01 

1,3662-01 

1,4202-01 

1,4302-01 

PSI ERROR 


1 , 7122-13 
1.645E-C5 
5.6452-04 
1,0078-04 
3,6522-05 
7,3952-05 
1,3102-04 
2,0492-04 
2,8622-04. 
3,7852-04 
4,8822-04 
7,3852-04 
1,0702-03 
1,0702-03 
1 .1092-03 
1,1502-03 
1,1772-03 
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G-30 


1 


TlMf 

103^.00 

i«90,C0 

1550,00 

1550.00 

I'610,00 

1670.00 

1730.00 
17»0,00 
IP36.03 

1036.00 
IflJh.OO 
I 0U6, 00 

1060.00 
1570, 00 
1 OBii , 00 
109«,00 
190<I,P0 
I’lfl.oe 
I’^fl.oo 
l'’3(l.00 
l’"3,50 
l’<»3.50 
198fl,5o 
1’85.50 
1’«6,50 

' Tr-*£ 

1«3?.0C 

lfi3^,eo 

J"90.00 

1550.00 
J5S0,0C 
1 6 t 0 , 00 

1670.00 

1730.00 

1 790.00 

1636.00 

1636.00 
te«6,oo 
1 S«6. 00 

1860.00 
1878.00 
I 88<I . 00 
189«,oo 
I’OO.OO 
49U.O0 
19^B,00 
I’Ja.OO 
19(13.50 

1983.50 

1«88.50 

I’^s.so 

1986.50 


° c 


VELOCITY f3Tl*.*Tt CRftOR 
^ 0 C 


PlATfORM TILT CSTIMATC 
R 5 


altitude 
rate error 


VCLOCtTY 

mac error 


- ltDflOE«ifl 
5.8t8E*eo 
‘'tO’oe^oo 
*^«5CF*00 
6«00«C*oo 
5.860E400 
5,«3flEt0O 
8.26<Jt'*00 
1,788 E*oo 
« t687C-oi 
’,6?3€-01 
5.S03E-0? 
.6i<l06f»02 
5^053E.fi2 
S.207E*02 


i*eooE-io 
I *586E«01 
l«I?5E*0t 

I . 92lc*oi 

J . 831E+01 
1.958£*0| 

^.073E*01 
?• I OOE+Ol 
?.?8fl£+0J 
?»326C*oi 
2.82 ue*o. 
2.8?(tc*0| 

2.A8oe*oi 

2«856'£*o« 

2.87ie«0t 


Nfioor-io 

1<T67F*Oo 

T^828E-0t 

5,7«?r-0 

3,5«6f-0} 

2^800f-o r 

2,7?3E-0i 

3^186E«0i 

3^35«f-o 

3^58lf*0i 

8,C90E.Ot 

«,ie?£-oi 

5,?61£-0j 

T^215F«0j 

R.**9Sf-ot 


i.eooE-io 

R,286E-02 

3.«53E-fli 

2.213C-0! 

2.08?f-oj 

2.063C.01 

2.U3C-0] 
2*20 te-0| 
2.323E-0J 
2.561E.01 

2.8n€«0! 
3.137E-0I 
i.7jie*oi 
5.S2i£.02 
1 .698g,02 


1<600F«10 

1.176f.oi 

fl«986E.(n 

5,633F*«01 

9.3O7F-01 

3,6?|F«o| 

2,9«9f.oi 

2,353F.o1 

1.780F-OJ 

K622F-01 

1,«07F»0| 

1«808F>01 

l«8286«0t 

I.«SeF«0| 

1 • 873f •01 


l>OOOE-io 
R.0«2E«d2 
1.0181-01 
7,0««£-02 
1.1O3E-01 
1.166E-01 ' 
1.6O7E-01 
1 .886E-01 
2.09!E«0| 
2.3576.01 
2.57«£-o1 
2.574E-01 
2.588E.01 

2.601C.OI 

2.6U£*0i 


I.CCOE-JO 

1»782£.06 

’.«26£.06 

3,fl95£.05 

3.86ie-0S 

3,d8«£.35 

3.86SE-05 

3.e«2-£.o5 

3.8rR£.o5 

3.$76£.05 

3.873E-05 

3,673E-05 

3,«73f.0S 

3.873E-05 

3.872E.0S 

U 


1 »OOOE«10 
1. 1506. OS 
1.902E.0S 
2.968E-05 
2.971E-0S 
2.97aE-0S 
2»98«£*05 

2.99jt-0S 

2,98«£.05 

5.0056.05 
3. OISE. OS 
3.01 I6"05 
3.012E-05 
3.0J3E.05 
3.013E-05 


X^0005*JO 

5,88«e*oo 

9,076£*00 

«tP85F*oo 

6^O70F*O0 

5,9q6(T.(*g 

5,«95E.00 

“^S^OEfOO 

1 ,fl08F.eo 

5,28u£.oi 

’,777F.oi 

3^«23f«oa 

6,389F-02 

2<79a£.02 

1.106E-32 


1.800£«10 

}.128£«0] 

l.O26£*01 

1.«09£*0( 

1 .P28E.01 
1 .9(J7£.oi 
2,069E+o| 

2.I79e*0J 

2 f F28E *01 

2. 326£*0 1 
2.«25E*01 
2.825E.0J 
2.880E.01 
2.856E+01 

2.971E+01 


K’«OOE-1i5 

l,069f*0i 

R.*«9F*0fl 

i.7iaFfflo 

5,Tl«E-oj 

I ,338E40o 

9,533F.0j 

«,157F-oJ 

2,07?e-o, 

^^159E-0l 

3,933f-0l ' 

3,833E-0i 

9,a88E-0i 

T,021F-0i 

R.392C-01 


l.OOOF-ie 

»,356t.e? 

3.889E-0I 

2.233E.01 

2.055E-0I 

2.07PE-01 

2,]18E-o| 

2.208E.01 

2.32?t.oj 

2.55aE.0| 

2,fl06E"Ol 

3.133C-01 

1.707E-01 

5.876E.02 

1.689E.0? 


UoeoF-io 
6,1O2 f. 05 
8.553E.01 
5.680F-0J 
«.27jf.oi 
3,596 F-oi 
2.907E.01 
2.3a«f .oj 
1 i 770F.O j 
1 ^615F.01 
X.602E*01 
1 .803F-0J 

1 ,82«f- 01 
I,«86f-oi 
1 « 069f «o I 


i.oeoE-10 

i.fleoe.oi 

3.328E.01 

5.66CE-(J2 

I.252£-ot 

1.5J7E-0I 

1.676F-01 

I.fl55t-0l 

2.093E-01 

2.365f-01 

2.5836-01 

2.583t«01 

2.59ar,0| 

2,6056.-01 

2.6|6£.ot 


l.DOOE-10 

I.769E.0O 

9.O20E-06 

3,901E-oS 

3,898E-05 

3.895F-05 

3.893E-05 

3,8?0E«c5 

3.8R7E-05 

5,aB<iE.o5 

3.882E.0S 

3,8a2F-os 

3,881E-05 

J.flRlE-OS 

J.881E-05 


l.OOOE-tO 

1.7UOt-05 

1 ,0d8E.|}<{ 

«.7S2£-05 
2.«e8E-05 
2.012E-0S 
2.85IE-05 
2.923E-05 
3, 1 16t«05 
3,I13E-05 
5.062E-C5 

3.062E-05 

3.056E-05 

3.055E.55 
3* 0S3E.O5 


1.000E*iO 

1.307E-05 

2.0T9E.08 

1.«52E-o« 

1.«52E-0« 

1.852E-08 

1.452E-08 

I.«52£.0tt 

1.852E.0U 

l,«S2E-0tt 

1 .852F.o<( 
l.«S2E-0« 
1.952E.04 

1.852E.og 

l.<^S2£.0w 


l»O0OE*10 

«r325E-02 

3,U87fc-01 

2»231E»01 

2.058E-0: 

2.070E-01 

2.U7E-01 

2.202E.01 

2,320£.0I 

2.556E-01 

2,83ae-oj 
3.I31E-01 
I .7 o5E«01 

5» 86 1 E* 52 

1 »638E«02 


lfOOOC.]0 

1 .992E-02 

’.051C-01 

6.036E-01 

9.715F-01 

«.0a6E-0i 

3.857C.01 

2,936E.0{ 

2.173E.01 

1.662E.0I 
1.797E.0J 
1.8S2E-01 
1.823E-0I 
I .886E-0] 

1 •868E.0t 


CAMMa error P5I error 


l.OOOE-10 
R.I57E-07 
1 ,779£.o« 
I.808E.OU 
I.86l£.oa 
1.969E.04 

1 » 962E-08 
1.8S3E-08 
I .««9E-oa 
1 .850E-00 
I .«SlE-Oij 
1.85IF.08 

1.«5:e.o« 

1.851E-08 

l.«5lE-0a 


i.6rTE-:3 
6.5P2E.0S 
2,760E*05 
■ 9,9j9£-05 
fl.3j6E-0S 
1 .255E.08 
1 .8306-08 
2.50CE-08 
3,9ij3£-08 
6.8C2E-D8 
8.9?2f-08 
’.950E-0a 
5. 5666-08 
1 .837E-08 
5|660E-05 


I.772E-15 

2.621E-o(| 

6,23bC-0« 

1.070E-C8 

2,562£-0<i 

2.993E-58 

3.375E-08 

5.658E-38 

9.368E-08 

6.005E-08 

8,207E-0« 

8.207£-0ia 

e.863E-0« 

«.733E-08 

fl,esaE-04 



GROUP 15 RADAR ALTIMETER OZAS 


O' 

-J iu.i' 



O 


t 

CO 



POSITION estimate error 

R D C 


time 

t« 32,00 

1R37.00 

IRTO.OO 

1550.00 

1550.00 
'UlO.OO 
U70.00 

1730.00 
17T0.00 
leiA.oo 

1036.00 

1606.00 
10 U 6.00 
1660,00 
1870.00 
166a, 00 
189a. 00 
t^oa.oo 
PU. 00- 
p 2 a.oo 
P3<1.00 
1RO.50 
P«3.50 
P«tt.50 
P<I5,50 
poo. 50 


o.oooE«oe 

l.OOOC^OO 

9.TR7E-01 

9P12E*01 

9.966E-01 


O.OOOC^OO 

2«S1SC*05 

E«'220E«Q5 

2«216E«0S 

J. 109 E- 0 J 


0 «OOOE«Oo 

2.159E-03 

2.156E-05 

2 « 220 E «03 

2«27CE«03 


VELOCITY ESTZHATE ERROR 
ROC 


PLATFOKM TILT ESTIMATE , ALTITUDE 

R D C RATE ERROR 


0 . 000E 600 
l*OOOE*Ot 
5.fllSe«02 

1. TOTE-02 
«,T67E-03 


O.OOOE^OO 

2.7Sie»0R 

i,63«r-oa 

7.T50E-05 

4 . 93 TE- 0 S 


9 . 000 E 609 

|,726£-0a 

7,77C£-95 

1.7aOC-96 

2 ,SieE -05 


O,000E*00 

o.oooc^eo 

o,eooE*eo 

O.OOOCtOO 

0,90e£»00 


Oloooetoo 

e*oooE*oo 

o»oooi«oo 

O.000E*0O 

OPOOE^OO 


O.OOOE699 

O.OOOE609 

O.OOOCtOO 

O.OOOE4-00 

O.O 00 E 600 


0. 000E^OO 
l».O00C*01 
5 ppE ^-'02 

1. ToTE-02 

a.767E»03 


TIME 

U32.00 

P32.00 

P90.09 

1550.00 

1550.00 

1610.00 

1670.00 

1730.00 

1790.00 

1636.00 

1836.00 
16a6.00 

1846.00 

1860.00 
187a, 00 

1884.00 

1694.00 
P04.00 
PU.OO 

1924.00 
t93«,00 

1943.50 
p 43 , 5 e 

P4a,50 

1945.50 
P46,S0 


y M . u V M damma error 


9.000E609 

o.eeoE*oo 

9«OOOE69e 

9.090E400 

9.009E600 

1.000E609 

l,3fl5£-05 

2,13«E**03 

1 .oooc«oi 

«,307E»65 

9;797E-0i 

1.249E-05 

1^987F-05 

5.618C-02 

3,960E-05 

9.912E-01 

3.704E-05 

5.849E-05 

1.707E-02 

3.091E-O5 

9.966E-01 

4,786£-05 

7.532E-05 

R.TSTE-OS 

3.672C-05 


9.009E600 

O.OOOE^OO 

0,O0OE6O0 

O.OOOEtOO 

O.OOOEtOO 

R.537E-95 

O.OOOEtQO 

O.OOOE600 

O.OOOE+OO 

5.177E-04 

RP34E-05 

9,OO0E«00 

0 . 009E600 

O.OOOEtOO 

1.768E-0a 

S,666e-95 

O.OOOEtOO 

O.OOOEtOO 

O.OOOEtOO 

5.722E-0S 

3.662E-0S 

0.000£«00 

O.OOOEtOO 

O.OOOEtOO 

1.62’E-OS 


VELOCITY 
MAD ERROR 


0 POOE 60 O 

2.166E-03 

6,B17E-04 

2i176E-0« 

6|409E-05 

P92 ERROR 


0 «O 00 E-^O 0 

I, 4 a 2 £-r 07 

1,316C.07 

1.303C-07 

1.313E-07 


I 
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G-32 


GROUP 15 RADAR ALTIMETER FIRST-ORDER MARKOV 


time 

POSITION eSTIMATF 

R 

0 

1432.00 

1432.00 

1490.00 

1550.00 

1550.00 

1610.00 

1670.00 

1730.00 

1790.00 

1836.00 
1836.00 ' 



1846^00 

1846.00 

1860.00 
1874,00 



1884.00 

1894.00 

1904.00 

1914.00 

1924.00 

1934.00 
1943.50 

1^000E-?0 

l.OOOE-10 

1943.50 

1 .OOOEf 00 

2i3l5£-03 

1944.50 

9.276E-01 

2. 112E-03 

1945.50 

9.790E-01 

2,19Re,03 

1946.50 

1.023E900 

2.27SE-03 

time 

U 

V 




z.s^or-oj 


l«32.rt0 

1"32.05 

1«90,00 

1550.00 

1550.00 

1610.00 

1670.00 

1730.00 

1790.00 

1036.00 

1036.00 

1006.00 
1 0U6, 00 
1660.00 
187a, 00 
188a, 00 

1890.00 

1900. 00 

1910.00 

1920.00 

1930. 00 

1905.50 1 ,’OOOE-IO 

1903.50 i.oooctoe 

19114.50 9-276E-01 

1945.50 9,790r«01 

1946.50 l.023C*00 


i.oeoE-io l.OOOP-lO 
1,3«5E*05 2^l5«f-05 
1.278E-05 2^03lE*05 
5.898E-05 6,152£-05 
6.U21E-05 U689E-04 


vEinciTf esTiMATe tRROB 

fl D e 


i.oeoE-10 
l.OOOE-OI 
9.095E-01 
5. 0770. 01 
5.Z34E-01 

u 


1«006E»10 

2,731f-0« 

l«l«2E-DJ 

1.219E-03 

l.i«9E«03 

V 


1*000E«10 

l,726E-0a 

1.115E-03 

1.232E-03 

1.I62E-03 

w 



t.eooE-io 

l.OOOE-OI 

5.045E-01 

5.977E.01 

5.234C-01 


l.fl00f-!0 

fl,307e-05 

3,90«f-O5 

«.956r*0S 

S.432E-05 


l.OOOE-10 

4.557E-C5 

9.081E-0S 

5e72«E-05 

6.545E-0S 


PLATfORM TILT ESTIMATE 
P D C 


l.eOOF -10 

l.OOOE-10 

l.OOOE-10 

l.ObOE-lO 

l.OOOE-10 

U 


1 .OOOE-10 
l,00OE-10 
l.OOOE-10 
1,OOOE-10 
l.OCOE-lO 

V 


i.eooE -10 

I.ODOE-IO 

l.OOOE-10 

l.OOOE-10 

I.OOOE-IO 

N 


i.OOOE-10 

l.OOOE-10 

I.OOOE-10 

l.OOOE-10 

1,OOOE-10 


1 .OOOE-IO 
1 .OOOE-IO 
I.OOOE-IO 
1. OOOE-IO 
l.OOOE-10 


I.OOOE-IO 
i,ecoE-io 
1. OOOE-IO 
1. OOOE-IO 
1, OOOE-IO 


ALTITUDE 
RATE ERROR 


I 4 O 0 OS-IO 
1 .OoOE-01 
5i0u5E-01 
5.477E-01 
5.23UE-01 

gamma error 


3.177E-13 
3.177E-0U 
1 .646E-03 
1.636E-03 
1.779E-01 


VELOCITY 
HAG ERROR 


li00Ce-10 

2.166E-03 

7,82aE-03 

5,70flE.-03 

G.933E-03 

P3I ERROR 


3.178E-13 

1.U42E-07 

1.332E-07 

1.919E.07 

2.224E-07 


I 
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ORIGINAL PAGE IS 
OF POOB quality 


GffOUP U TACAW 9U>*VEY CRRHAS 



POSITION tSTIHSTf: 

FRP09 

vrinCITY FSTlMATt 

ERROR 

PLATFORM 

rXLT 05TIMATE 

ALTITUOE 

VELOCITY 

TI**E 

R 

0 

C 

n 

P 

C 

R 

P 

C 

RATE ERROR 

MAC ERROR 

143?, 00 

O^0O0A*00 

e,eooE40o 

O.OOOE+On 

o.oooe*oo 

8^OOO0*«O 

0.0080*00 

0.0000*00 

6.0000*00 

0.0000*00 

6.0000*00 
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«.895f-03 

5.253E-05 

5.592E-03 

6.0UE-03 

64O58F-OJ 

6.031E-O3 

6,ooee»oj 

5.987E-0S 


o,oooe«oo 
7,07«E-0« 
3. 0322-03 
R.225E-0(» 
l.8{i2E-e3 
3.12CE-03 
R,256E-01 

O. 63TE-03 
fl,676E-03 
fl.62lE-05 
e.57CE-01 
«,505E>-03 
R.367E-03 
R.dl2£-03 

P. (M5E-03 
4.R22C-03 
R.a29E-0S 


o,oooc*oo 

2.325E-68 

3.228E-0B 

5.95SE-08 

l,12bF-07 

9,9278-08 

9.956E-Q6 

9.986E-08 

1.002F-07 

1.005F-07 

1.008E-07 

UOUe-07 

l,01«£-0? 

l,0l<IE-07 

l,oiae-o7 

i,0!aF-07 

1.015E-07 


0. 000,TOQ 
«»ni«E-08 
2.279t-07 

1, r:o£-o7 
8.096E-08 
3,dl5E-07 
2.513E-07 
2.316E-07 

2, d99£-07 
2.691E-07 
2,766t-07 
2.767E-07 
2,7«6E-07 

2,7(J6E-07 

2,7««E-07 

2,7«3E-07 

2,7il2E-07 


0,000E90O 

T,529E-o7 

6,d2«£.07 

6.556E-07 

5,9udE-67 

S.385E-07 

S.860E-07 

S.939E-07 

5,065E-O7 

5.778E-.07 

5,7dlE-07 

5.7H1F-07 

5,75JE-07 

5.751E-07 

5.752E-07 

S.752E-07 

5.753E-07 


0.008E900 
2.276E-06 
1 ■ 032E-O6 
7,17«c- 07 
5.260E-07 
5.975E-07 
1 , 5o6E- 06 
1 ,8o8£-06 
1 *895£-06 
t » 9 j 3E* 06 
d.l6d£.06 
9,6<5dE-C6 
1.590E-05 
3,350E-0« 

1 .86d£-0d 
6.025E-OS 
l,7o3E-OS 


0. 000E4>00 
1.233E-06 
S.d02E-06 
7.162E-07 
3.5CIE-06' 
5.963E-06 
8,069E-C6 
9,O07E-O6 
9,«7«E-06 
9,676E-06 
9.597E-06 
l.ld9E-05 
1.393E.05 
I ,dOaE-C5 

1. da 6 £, 0 S 
1 ,d86£-05 
1.511E-0S 
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CROUP 19 TACAN BCArInC BIAS 


0 

1 

Co 

cn 


T!KC 

t«32.00 
U3?.oe 
!«9o,oe 
1550, eo' 

1550.00 

Ulo.oo 

1670.00 

1730.00 

1790.00 

1636.00 
I«36.00 

1896.00 ' 

1846.00 

1060.00 

|87<l.00 

1089.00 

1699.00 

1909.00 

1919.00 

1929.00 

1959.00 
1993,50 

1993.50 

1999.50 

1995.50 

1996.50 


POSmOM ESTIMATE ERROR 

« 0 c 


l#000E-lo 

1,«17E*02 

1.9?1E*02 

<*.357Cf02 

2,139f*o2 

9, 056C + 02 

5»921E*02 

1 .097E*03 

«.7I1E*02 

3.60SE402 

3.7l8F*ci 

2iS97E+flj 
2.89flf-oi 
1 ,693E*00 
9.796E-01 
1 . 123E*00 
1 , O30EtOO 
9.132E-01 
6.987E-01 
3»0?9E-01 
1,590E-01 
9.396E-02 
8,125 E-o3 
7.601E-02 
3.359E-02 
1,539e-C2 


time 

H32.00 

1932.00 

1990.00 
• 1550,00 

1550.00 

1610.00 

1670.00 

1730.00 

1790.00 

1836.00 

1836.00 

1896.00 

1696.00 

1860.00 

1879.00 

1889.00 

1699.00 

1909.00 
19*9,00 

1929.00 

1939.00 

1993.50 

1993.50 

1994.50 

1995.50 

1996.50 


1,OOOE«IO 
1 » I 82 Ef 03 
5.676E+02 
3.73«E»02 
3.P82E+02 
3,966E*02 
3,09S£*02 
?, 365E,02 
9,696£*0t 
1,162E*02 
7,977E*01 
6.996E*01 
1 ,899E*00 
8.793E-01 
3,073E*00 
3,595E*00 
3 » S73E *00 
3,621£*00 
3,696Et00 
3,803E*00 
3.909E+00 
5,973£400 
3,973EtO0 
9,02e£*00 
6«131E400 
R,278 £*oo 


i.oooe-u 

2,523£+03 
7,987£40? 
7.039F40? 
6,39?f+o? 
5,896E*02 
5.973£*02 
8.901E402 
3.fl56E*02 
3.i07EfO2 
1,153£40i 
l.O20E*0j 
2.393e*05 

2.360E400 

2,208Et00 

2,ooa£*oo 
I .•773E400 
1.550E400 
l-330EfOo 
1.112F400 
9^USE-0i 
7.9.96E-01 
7.945E-0J 
1 ,862£40o 
3.172E+00 
9,530E*0o 


VCIOCITY ESTIMATE ERROR 
« D C 


U 


1»OOOE*10 
1 ,559E400 
7,352£-o1 
1.679E400 
1,105E400 
1.232EfOO 
I ,69 IE, 00 
3.605E400 
1.96R£*oo 

1 125 1 Ef 00 

1 . 1 66E«00 

6.252E-01 

T,369E-01 

2.873E-01 

1.287E-01 

1,703£.oi 

1 I 936E-01 

2.103E-01 

2.309E-O1 

2.565E-0J 

2.991E-0I 

3,«6i£-0i 

3.539E-0I 

1»9I?e»01 
5.927E.02 
1 »59ie-02 


t«OOOE»tO 

3, looE^eo 

8.839E»01 

1.592E*eo 

1.9tlE900 

3 ■ 236Et 00 

2.a49Ef 00 

1 . esoE*oo 

7.327E-01 

7,999E-oj 

6.841E-01 

6.932E»01 

1.059E400 

«.099£.01 

1.I03E-01 

l.S98E^01 

1.998E-0J 

2.580E-01 

2.763E-01 

3.276E-01 

3.852E-D1 

R.252E-01 
6.252E-01 
‘*,3I9E-o1 
R*376E*01 
«.«36e-01 


platform tilt estimate 

R 0 


1*OOOE-10 

8,797£-oi 

2,285E*00 

3,379E400 

3,389E400 

R.054E4OO 

2,9SaE*0O 

3.9&OE400 

2,30SE*00 

3,3|9E«oo 

1.992E400 

7,02«E*oi 

R,6A7E-0l 

lf233E-0i 

l,799fc-01 

3,283E<0I 

R. 653E-01 
6,121t«01 
7,67a-E-01 

9,609E-01 

1,176E400 

1*350E400 

lt350E400 

S. 363E400 
1.375E400 
i aSesE^oo 


I.COOE-IO 

1«2<I1E>09 

1.985E-04 

1,706E-09 

1.768E-09 

l,T77E-04 

1 ,258E-04 

l.«2eE«09 

1.392E-04 

l,4!3£-0il 

1.423E-04 

l,555E«0<) 

1.607E-04 
1.7S3E*o« 
1.764E-04 
1.792E-04 
1 .820E-04 
1.896E-09 

1,875e-0« 
1.902E-04 
I ,926E»'04 
1.953E-04 
1.9S3E-IJ4 
1.956E-04 
1,956E-04 
1»961£-09 


l,OOtfE-lfl 

5.852E-05 

1,297E-04 

1.319E-04 

1.217E*04 

1 .218E-C4 

1 .C56E«04 

2.663E-04 

2.369E-.04 

", 196E-09 

2,936E*04 

2|791E-04 

2,796E»04 

3,216E«04 

3.621E-04 

3.701E-04 

3.779E-04 

3,656E-0C 

3.931E-04 

<1, 009E-04 
4.076E-04 
«i 199E-04 
194E-04 
151E-04 
4.158E..04 
a. 165E-04 


l,00CE-!0 

5, 130E-05 

3.070E-05 

2.S14E-05 

3.716E-05 

1 ,2S6E«04 

1.855E-04 

2 , 368E»(}9 

2.021E-04 

1.903E-04 

2,035e-09 

2.039E-04 

2,‘'69t-04 

1 , 799E-04 

1 . 746E-C9 

1.781E-04 

l,ei5f--04 

1.69iJE-0tt 

I.86IE-09 

1,914£^04 

1,9«S£-34 

1.975E-04 

1.,975E-04 

l,97aE-04 

1 ,9ai£-09 

i , 964E-04 


altitude velocity 
rate error mac error 


l»OOOE«10 

1 .623E402 

1.905E402 

9,342E*02 

2, 133E*02 

9.efl6E402 

5,909{rf02 

l'.09fiE*o3 

9.7l 1E»02 

3.6P2E*02 

2.577'E4C1 
2.913E-0I 
1 »69eE,oo 
9,fill£-0l 
l.l39Efoo 
1 .098E+0C 
9.250E-01 
7,oejf*oi 
3.114E-0I 
lt6r2E-0| 
9,135 F-o 2 
4,19flF-09 
7^253£"02 

3,159E-oi 

1.254E-02 


IrOOOE.lO 
7,289E*o2 
I.931E402 
1 * 66 0 E 4 0 2 
1 •935E402 
9,360£*0l 
1.92ie,o2 
S,92?e,o2 
2.038E402 
5»04«g*O| 

5,231E*oi 
2,64fl£*oe 
1 • 1 19E«00 
3 , 1 7 BE ♦ 0 0 
3.512E*00 
3.5l5£*00 
3,592EfO0 
3,691£,o0 
3,806E*00' 
3.906£40o 
3,979E*00 
3,979E+oo 
R,631C*00 
9, 1 39E4O0 
C*282£400 


I.OOOE-lo 
2,502E405 
’.697E40; 

7,799E*o? 
7,230E4o^ 
7.006E40? 
5^998E40? 
7,062E»02 

3,9nE*oj 

6*47SE*oi 
«,739£,oi 
1 .459E400 
2.’255C40o 
2.C5IE400 
2.059E400 
1 .80OE4OO 

l.609£f0o 
1 ,338E40 o 
l«101F40o 
9<0tJE-0i 

7.862E-0J 

7 ^862E«o j 
1 ,856C40 o 
3.167E400 
4.S26E400 


1*OOOE«10 
l.aaSEtoo 
7,OttlE-oi 
1 « 6-6 3 E 4 0 0 
U102E400 
1 ,230£40 o 
1 , 636 E 4 00 
3.600E400 
1.9711400 

1.170E*OO 
6,279e*01 
7,017£.oi 
2.09OE-O1 
1.291E.Q1 
1.710E-0I 
1.99SE-01 
2.119E-01 
2.317E-01 
2.580E-01 
3.012E-01 
S.AacE.oi 
3.563E-01 
1,956E-01 
6, I58E-02 
1*80U»02 


U 


l.OOOE-10 
1 > 2 i 6 E 400 
7 , 592 £-oi 
1 »639t400 
1.871t*C0 
1 »237fc400 . 
I • 643t40fl 
3.625E400 
1 ■ 979E400 
I . 2 s 9 c 400 
1.17CE400 
6.287E-0I 
7,9i6f«0i 
2.890L-01 
1.292E-01 
I • 7 1 0t*0 1 
1 .9aSE-01 
2. 1 1 9E-0 1 
2,3iBE-oi 
2.561E-01 
3 , 0 1 2£ ■ 0 1 
3.435E-01 
3,S63E,-01 

I.936£„0I 
6, I63E-02 
1 »806£-02 


I.OOOE-IO 

2.867E400 

1 , 566 C 40 0 

8,180E-01 

1.013E400 

9.331E-01 

li39bt+00 

1.919£*00 

1.129E400 

2 » 66fi£ «■ 0 0 

1 .999E400 

7,57:£-0l 

a,253E-0l 

«.263£.0l . 

1 , 330E-C 1 

1.727E-01 

2.079E.01 

2,35e£-Cl 

2.629E-01 

3.153E-01 

3.812E..01 

«.239£-oi 

«.23SE-0l 

“.3C6E»01 

9,372:. 01 

9,93«£.oi 


1 .000E*{0 
2,921E*eO 
l,605f*0O 
.7.716E-01 
9.498E.01 
3.0<»2 E*oi 
1,982E4C0 
2,9o5E*00 

1 ,590E4Qn 

S,t?ir606 
1*810E400 
6,702E*01 
6,499E»0I 
3,508E-01 
1.136E-01 
I .580E.0J 
1 .970E-01 
2,365E>0t 
2.762E-0I 
3,25 IE-ci 
3.852E-01 
'J.2SIE-01 
fi.2SlE-01 
«,3l2E-Ol 
«.3T4 E«o1 
4««39E*oi 


1.000E»tO 
1 ,a94E400 
1 ,862E400 

3.6SSE400 
3i»665E400 
5. tTBEfOO 
3,54iE400 
■ 2«se9£«oo 

1 ,072C400 
7,161E-01 
9,531£.01 
2,39tE-01 
I.729E-01 
3,288£.qi 
4.661E-01 
6,123E>01 
7,675E-,01 
9.603E-01 
t,175£400 
lt349E400 
la349£4'00 
1,362£*00 
1 •37SE400 
1 fSaSEtOO 


l.OOOC-lO 
1 i207£.04 
1.459E-04 
1 ,687E.04 

I.749E-04 

1,766£.04 
1 *256E.04 
1,432£.04 

!«413E.'04 

1.422E.04 

1,556£.04 

lt611E>04 

1*760E>04 

1.77U-04 

1.79VE-04 

1.826E-04 

1 •853E.04 

1,880E*04 

1.907E-04 
1.933E-04 
1.957E-04 
1.957E-04 
1.960E.O4 
1,962E*04 
I ,965c-04 


1 • OOOE* 1 0 
8,287E-0S 
7.779E-05 
1 , 355E.04 
1,29S£-09 

1 I 6 92t lO^j 

1 ,926E.Q4 
Sjil6lL«94 

I87E604' 
2.427E-04- 
2 • 3b2£ -04 ■ 
2,1081:. 04 
2.947E-04 
2.73UE-04 
3.594E.09 
3,711£-04 
3.797t«04 

3 , 866E-04 
3.951E.04 
3.999£.04 
«,072t-0a 

fi,l9i£-04 

«,191E»04 

*.199E.04 

9 , 1 56£»04 

^«163E«04 


1,OOOE-10 

3,3a3E-06 

1 . 059E..04 

1 ,S5t5E-05 

I.OR7E-05 

«.89lE-05 

1.590E-04 

i,290£'»0« 

2.231E-04 

3.916E-04 

2,680£"09 

2.662E-04 

2,813E-04 

2,«30E.04 

1 ,89* E-ou 

1.755E-04 
1.771E-09 
1 ,fl20£.0« 

1 ,876£.09 
1.919E.04 
1 .9S0E-09 
1.977E-04 
1 .977E-04 
1.979£.0« 
1.932E.04 
1.985E.04 


CAMKa error RSI ERROR 


1 .639E.19 

2.157E.04 
1 ,726E*09 
".665E.04 
2,92JE-oy 

5,03SE-04 

1.085E.03 

«,223£-03 

3,096£.03 

3,023E-03 

2,597£-o3 
8.729E.09 
9,052E-04 
2,6*i 2£-09 
1 .«56t;-04 

2,690E-09 

3,297E-04 

3.899E-09 

4.665E.04 

5.513E-09 
7, 769E.04 
1.1S3E-03 

l.l3e£-03 

6.3fe9£~09 

2.105E-04 

6,7j5fc-05 


1.63SE.14 
I .S8(jE-04 
3 I 7S9£ -04 
1 ,C35E-0J 
1 1 049E-03 
2,126£-03 

2,247E-o3 
2,968£-03 
2.5S1E-03 
2,075E-03 
1 .835E-03 
1,270E-03 
1.689E-03 
«.393£-04 
3 , 2*6£-04 

6.206E-09 

9.077E-04 

1.239E-03 

1.597E-03 

2.003E-O3 

2,985£-03 

A.269E-C3 

«.289E-03 

«,996£-03 

*.9llE-03 

«.716E-03 
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CROUP 20 MLS TIMTNO ERROR — AZIMUTH 


POSITION tSTIMATC rRR0« 

TXHE R D C 

1432.00 

1432.00 

1490.00 

1550.00 

1550.00 

1610.00 

1670.00 

1730.00 

1790.00 

1856.00 • 0,000f*00 0,e00£*60 0,000£*0n 

1856.00 l^TMftOO 4.503E*00, 2,47uE*0i 

1896.00 l.ft?5r*00 5.?1'’E*00 2,017F*Ol 

1846.00 7.32PE-01 2.007£*00 1^960E*Ol 

1860.00 2.784F-01 1.62BE-01 1,055E:401 

1874.00 1.174F-01 3.77AE-01 2,552E*00 

1884.00 1^155P-01 2,498E-01 l,6l3f*00 

1894.00 6,044E-02 2.543E-01 2^557E*00 

1904.00 5.0MF-02 ?.65F£-01 l,6l5f + 0O 

1914.00 3.l9‘5P-fi2 2.7??E-0t 9,96ir-0l 

1924.00 ?^965F-02 2.925E-01 6^n6f-0! 

1930, eo l,l9S£-02 3.t0PE-01 5^3l2E*0l 

1943,50 9,897E-04 4.087E-01 6,160f-0\ 

1943.50 2^284F-03 4,fi67£-0l 6^159F-0l 

1944.50 6,603£-03 5.739C.01 7^95tE-0i 

1945.50 5.386E-03 7.399£-01 9.696t«0t 

1946.50 S.218E-03 9.066E-01 1.139E»00 

TI^E U V w 


VELOCITY ESTIMATE EWOS PLATFORM 

R 0 C H 


O.000E*O0 

o.eooE*oo 

0,0006*00 

e.oeoF*oo 

3.696E-03 

B.22SF-02 

2.225F-01 

1.053E-06 

8.543E-02 

8.774E-02 

1.996E-01 

2.795E-0S 

9, 3316-02 

1.150E-01 

3,l2'»e-01 

3.5746-05 

3.679E-02 

9.990E-02 

5.027E-01 

5.475E-05 

e,483£-0« 

7.680E-O2 

4,7546-01 

S.U50E-05. 

1.893E-02 

7.983F-02 

4.150E-01 

5,aS5E-05 

2.123E-02 

9.657E-02 

3,7976-01 

5.461E-C5 

1 .612E-0? 

1.164F-01 

3,5006-01 

5, 4666-05 

1 , 154E-C? 

U336F-01 

3.189E-01 

5,«7lf-0S 

9.08UE-03 

i.480F-01 

2.723E-01 

5,4776-05 

1 .336E-0? 

1,5866-01 

2,1«>9£-01 

S,«fl2E-05 

1.821E-02 

t ,649F’»0l 

1.814E-01 

5.487F-0S 

1 ,8086-02 

1.6496-01 

1,8146-Ot 

5,tt87£-0S 

1 .029E-02 

1.656F-01 

l,76fiE-01 

5.486E-05 

3.909E-03 

1.663F-01 

1.722E-01 

5.4S8E-0S 

l,799E-03 

1.670F-01 

1,6T6E-01 

5.M89E-0S 

U 

•V 


U 


ESTIMATE altitude VELOCITY 

0 C . RATE ERROR MAC ERROR 


0.0006*08 

O.OOOE+OO 

0,0006*00 

0,0006*00 

I .630E-05 

8,0036-06 

3.1176-03 

2,2606-01 

6.380E-05 

2,5756-06 

8.587E-02 

6,3636-02 

8,5946-05 

3.296E-06 

9,4o«E-02 

1.266E-C1 

1.397E-04 

9,6516-06 

3.814E-02 

1,1996-01 

1,499E-0U 

1 .948E-05 

2.153E-03 

1,0526-02 

1,4986-04 

1,9576-05 

1.773E-02 

7,8771-02 

1 .496E-04 

1 .965E-05 

2,0o86-02 

1.033E-01 

1 .498E-04 

1 .974E-05 

1 ,5006-02 

1.1216-01 

1 .497E-04 

1 .982E-05 

1,0466-02 

1 . 1926-0 1 

l,497E-04 

1 .991E-05 

6.902E-03 

1.366E-01 

1 , 497E-04 

2,0006-05 

1.2516-02 

1,5616-01 

1.U96E-04 

2,0066-05 

1 ,7u4E-02 

1.640E-CI 

1 .496E-04 

2.006E-05 

1,7316-02 

1,6406-01 

1,4966-04 

2.009E-05 

9,5356-03 

1.6SOF-01 

,l,496E-0« 

2.0096-05 

3,1666-03 

1,6586-01 

l,496E-04 

2.010E-05 

1,0686-03 

1,6656-01 

V 

w 

CAHMA ERROR 

PSI ERROR 


1432,00 

1432.00 

1490.00 

1550.00 

1550.00 

1610.00 

1670.00 

1730.00 

1790.00 

1836.00 

1836.00 

1846.00 

1846.00 

1860.00 

1874 .00 

1884.00 

1694.00 

1904.00 

1914.00 

1924.00 
1«34.00 
1943.50 

1943.50 

1944.50 

1945.50 

1946.50 



0«OOOETOO 
i,77ie*eo 
1 ,886E*00 
T.78SF-01 
3.0t2E-ftl 
1 ,??1E-01 
l,09lf-01 
7.401E-02 

4,58?r-02 
2.903E-02 
2,7S5E-02 
1 ,fl03F-02 
1.294E-05 
4.173F-13 
3.557F-03 
1.590F-03 
6.736E-04 


o.oooe*oo 

2.i37e«et 
1.2ilE»01 
1 .374E*01 
4.744£*Q0 
6.956E-01 
3.O59E-01 
4.272E-01 
5.341E-01 
2.775E-01 
2.877E-01 
3.070E-01 
4,e67£-0t 
4.067£»01 
S.716E-01 
7.374E-01 
9,038E-01 


o^oooE*oo 
l,3lflC*0| 
l^6«4E*0l 
l,4l2E^0l 
9^4fl6f»0fl 
2^484£*00 
I ,603£*00 
2^5UF*0fl 
1 ,804E*eo 
9^948E-01 
6, 160E-01 
5,,33SF-0i 
6^l73E-0l 
6,173f-0l 
7,968E-01 
9^7l5E-0t 
1,142E*00 


e,oooE*80 

3,714E*03 
8 .619E-02 
9.441E-02 
3.626E-02 
2,t70E-03 
1.775E-02 
2.007E-02 
1 .500E-02 
t .C45E-0P 
8.895E-03 
1 .251E-02 
1 .744E-02 
1.731C-0? 
9.526E-03 
3.155E-0S 
1 .0S5E-03 


0. 0D6FAO0 
2.57|f-01 
9.677F-02 
1.661E-01 

1. «99C-0l 
l,06«F-02 
9.423E-02 
1.223E-01 
l,296f-0l 
I.S53F-01 
1 ,«59E,-01 
i.572r-oi 
l,64uF-fll 
l,644F-01 
1.651F-01 
1.659F-01 
1.666E-01 


0. 0gOE400 
6.349E-45 

I. 950E-01 
?,866E*0l 
4.915C-01 
4.805C-01 
4.120E-01 
3.722E»0l 

J, 454t-0l 
3.1836-01 
2.734t-0l 
2.21OE-01 

1. B206-01 
1, 8206-01 
1,7736^01 
1.726E-01 
1.681E-01 


e.eooEtoo 

9.4O2E-07 

2.623F-05 

3.612F-03 

S.536E-0S 

5.SUF-05 

5.514E-05 

5.515E-05 

S,5l7€-0S 

5.519E-03 

5.521E-05 

5.523E-0S 

5.5266-05 

5.526E-05 

5.526F-05 

5.527E-05 

5.527E-05 


0. 000E900 
l,373t-06 
4,290t-03 
S,766t-05 
1.19IE-04 
1 .460E-04 
1 , 5026-04 
1 .506E-04 
I.S02E-04 
1 .497E-04 
1 .494E-04 
1 , 494E-04 

1, u94t-04 
1. 4946-04 
I ,494t*0a 
1 .495E-04 
1.4956-04 


0,0006*00 
1.8HE-05 
U.712E-05 
6.360E-05 
7.315E-05 
3.799E-05 
1 .425E-05 
9.276E-06 
1.395E-05 
1 . 8926-05 
2.097E-05 
2.095E-0S 
2,?4«6-05 
2,0a4E-0S 
2.0UOE-05 
2,0366-05 
2.035E-0S 


0.0006*00 
1.177E-04 
1 ,887E-04 
2.39UE-04 
1 .S61E-04 
4.628E-06 
9.421E-05 
1.217E-04 
1.227E-0U 
1,2326-04 
9.532E-05 
5.T15E-05 
6.6SOE-05 
6,6o9E-05 
3,9u8E-05 
1,6446-05 
B.993E-06 


0.0006*00 
1.157E-05 
3.450E-04 
5.109.E-04 
9,2206-04 
9.1022-04 
7.778E-04 
7,250£-04 
6.960E-04 
6.622E-0U 
S,704E-04 
5.61UE-04 
5,78«E-04 
5.784E-C4 
5,7fi6E-04 
S. 7876-04 
5.711t-04 







rtHt 

1432.00 

1432.00 

1440.00 

1550.00 

1550.00 

1610.00 
16T0.00 
1T30.00 

1740.00 

1836.00 

1636.00 

ieu6,oo 

1846.00 

1860.00 

1874.00 

1684.00 

1844.00 
I’Ott.OO 
1 4 U. 00 
I’^a.OO 

1434.00 
14«3.S'0 

1443.50 

1444.50 

1445.50 

1446.50 

TIME 

U32.00 

1432.00 

1440.00 

1550.00 

1550.00 

1610.00 

1670.00 

1730.00 

1790.00 

1836.00 

1836.00 

1646.00 

1846.00 

1060.00 
1 67fl . 00 

1884.00 

1844.00 

1404.00 

1415.00 

1424.00 

1434.00 

1943.50 

1443.50 

1444.50 

1445.50 

1446.50 


CROUP 20 MLS TIMINC ERROR - ELEVATION 


POSITION ESTIMATE ER»OP 

** 0 c 


VELOCITY estimate CRJ»Oi» 

^ 0 e 


O^flflOE+OO 
• 5,181F*00 
t ^708F*CO 
2.5fl2C*O0 
E,''’O3f-'01 

3, P53E»00 

3^446^*00 

4, 054F+00 

4, «07F+oo 

6,207E *00 

4\56lf*O0 

5,6?7Fi01 

U604E-0t 

l.n8F-03 

2»654F-04 

1.442E.04 

2.047C*04 

U 


O«OOOE*O0 

8.35PE.01 

3.741E+00 

8.302E-01 

1 .745E-01 

2.477E-01 

«.57^E-o? 

8.122E-02 

1.325E-0J 

t .832E-01 

1 .64PE-01 

4.475E.01 

6.240E-01 

6,244C-0t 

8.340E-01 

6.541E-01 

6(696C>01 


Of OOOE aOo 

lf69flF-0t 

2,527F-0j 

3.741C-04 

lf784E«0? 

1,76Ve.0i 

lf6?4F-oi 

l,4l5F-0l 

lf202F-0l 

4.4O1F-0? 

e^354E-o> 

6f63«F-0? 

if36aE-oi 

1.373E-CJ 

2f676F»0l 

3^42£.o; 

5.320E*0| 


O.000E*0O 
1.310E-C2 
1 .49flE.oi 
l,76CE-0i 
I ,586E«01 
6.065C-05 
8.665E-03 
1 .596E.0? 

2.372E-02 

3.610E-O2 

3.235E-02 

7.031E.05 

1.02UE-02 

5.962E-03 

3.254E-03 

1.106E-05 

3.845E-04 


O.OOOE^Oe 

2,2t8E-04 

I.37SE-02 

4.554E-0S 

3,614F-02 

I,4o«f-o2. 

2,3l5E-02 

2.779F.fl2 

3.250E-02 

4.035E-02 

3.089F-02 

lf47RF*02 

1.434E-02 
lt434E«02 
U*83F-02 
1 ,5?«f*02 
US71E-02 


0«000E«OO 

1.255E-02 

5.477E-02 

3*808E>02 

I,543t-02 

7.16U-03 

2.343E-02 

3ta47£»02 

5.364C-02 

6.9tlE-02 

4.147E-0Z 

lill7E-01 

t.298E-0t 

1.248E-01 

1.310E-01 

1.322E-01 

1.334E»01 


V 


N 


U 


V 


N 


OfOeoEfflo 

5.178F+00 

t,73lF+0e 

2.498E*oo 

2.436E-01 

3 . 6 5 I E* 00 

3,445E*00 

«,030E-*oo 

4.8orE*oo 

6,'207E + 00 

«»561E*00- 

5,649f-fli 

lf621F-01 

5.226E-11 

l,l«4E-03 

4f7l7E-04 

1 .266E»04 


6*OOQE600 
4»64oE“0i 
2.549 e*C0 
.5.371E-01 
1 .681E-01 
2.573E-01 
1.04] E-01 
1.049E-01 
3.32UE-02 
1 .646E-01 
1.75UE-01 
4.467E-01 
6.249E-01 
6.249E-01 
6.398E-01 
6.551E-01 
6.704E-01 


0,000f»0fl 

.7.375E-0I 

2*714e*0O 

6.tt78F-0'j 

6,86lE-o? 

2. 169F-er 

I ,67oF»0 1 

lf435E-0] 

lf295F-0i 

lfI45F-0l 

4fU9lF*-02 

8f076E*0? 

K35lC-or 

l,35lf-0i 

2f657E-0t 

3.975E-0} 

S.304E-0] 


0«OOOE«00 
1.316E-02 
I .500E-01 
1.744E-01 

i.sesE-oi 

6.027E-03 

8.634E-53 

1 .595E-02 
2.373E-02 
S,6l4f-02 
3.247E-02 
7.226E-03 

1 .049E,o2 

5.712E-03 

5.007E-03 

8,520£«04 

1.310E-04 


0. 000E60O 

1, |73f*02 
3.721F-02 
S.558F-02 

3f784E-fl2 

l,4a|F-02 

2.234E-02 

2fSl5E-02 
3.,eS2E-02 
4,008E-02 
5f 170F-02 

2.061E-02 

1.O74F..02 

1.474F-02 

U5?1E«02 

1.562E-02 

l,6flJE-02 


O«ff0OC4OO 

4.523E-03 

«,822E-02 

|,632t-02 

2.802E-03 

4.649E-03 

2.470E-02 

4.02SE-02 

5.B83E*02 

6,42«£-02 

9.M5E-02 

1.115E-01 

l,29R£«0l 

1.248E-01 

1.310E-01 . 

1.322E-01 

1.333E-01 


Hatporm 

R 


O.OOCE40O 

6.157E-08 

0.228E-O6 

1.114E-0S 

1.411E-05 

1.744E-05 

1.745C-05 

1.7U7E-05 
1.746F-05 
1. 7496-05 
1.750E-05 
1.75:E-05 
1.7S2E-05 
l.,752£-0S 
1.752E-05 
1.752E-05 
1.752E-05 

U 


0«OOOEyqo 

6.890E-08 

e.262r-06 

1.120E-0-5 

I. 420E-OS 

J. 762E-05 
1,762E-0S 
1.763E-05 
1.763E-05 

I. 763E-05 

J. 763E-0S 
1.763E-05 
1-.764E-05 

1.7646- 05 
1.764E-0S 

1.7646- 05 
1.764E-05 


TILT ESTIMATE 

D C 


0« 000E600 
1 .6651-06 
S » 253t-06 
1 .1431-05 
2. 107E-05 
3,944t-05 
5.942E-05 
3,4416-05 
3,9401-05 
3.9396-05 
3,9371-05 
3,9361-05 

3.9351- 05 
3.9351rOS 

3.9351- 05 
3.9351-05 
3,4351-05 


O.OOOEtOO 

2.405E-07 

5 .8661-06 

4. 4171-06 

1,5316-06 

1 ,2461-05 

1.2501-05 

1.252E-0S 

1.255F-05 

1.2576-05 

1,2601-05 

1.2621-05 

1.2646-05 

1.2641-05 

1.2651- 05 
U265E-05 

1 .2651- 05 


V W 


O.OOOE+06 
6.4216-07 
1 .1351-06 

3.9401- 06 
1.79J1-05 
3,7501-05 
3,9771-05 
4,0111-05 
3.4791-05 

3.9401- 05 
3.923E-0S 
3.9236-05 
3,9271-05 
3,9271-05 

3.9271- 05 

3.9271- 05 

3.9271- 05 


o,oeoE*oo 

1 .4561-06 

7.7S5E-06 

1.155E-05 

1.1081-OS 

1,7261-05 

1 .1096-05 

9.7716-06 

1.1011-05 

1.253E-05 

1,2871-05 

1.2661-05 

1.273E-05 

1.2731-05 

1 .-2721-05 

1.2711-05 

1.2711-05 


altitude 

RATE ERROR 


0,O00E«OO 

1.3171-02 

1.4996-01 

1,7441-01 

1,5651-01 

8,0211-03 

8,6351-03 

1 , 5941-02 

2.3731-02 

3.6]4E-02 

3,2471-02 

7,2441-03 

I . 0501-02 

5 , 7031-03 

2,9971-03 

8.4261-04 

1 ,2161.04 

camma error 


O,00OE«0O 
1.4221-05 
2.581E-04 
2.9561-04 

2,8o3E-04 
2,3971-05 
2.9301-05 
4.4151-05 
6.2771-05 
9,3741-05 
7,9711-05 1 

2.1671*05 i 
3.4361-05 4 

1.7121-05 4 

9.O08E-O6 4 

2.2761-06 4 

1.0361-07 U 


VELOCITY 
MAC ERROR 


O.OOOE^OO 
1.531E-02 
1,3401-02 
2,2631-02 
2,4441-02 
1,5161-02 
1,6671-02 
1,6391-02 
1 .8131-02 
2.1811-02 
2,2231-02 
2.0111-02 
1,4561-02 
1.4916-02 
1,5251-02 
1 .563E-02 
1.6041-02 

PSI ERROR 


0 .OOOEAQO 
7, 73 1 E-06 
8.5431-05 
1.692E-05 
5,2621-06 
5.9061-06 
^ 6621-05 
^^3aE-0S 
.1051-04 
.4411-04 
.901E-04 
,6331-04 
. 1241-04 
.1251-04 
. 2751-04 
.4321-04 
.5321.04 


THE ANALYTIC SCIENCES CORPORATiarsj 



G-38 


POSITION estimate ERROft 

^ 0 C 


GROUP 20 MLS TIMING ERROR - DME 


1*52,00 

I*'52,oO 

1*90,00 

1550.00 

1550.00 • 

ifcio.co 

U70.00 

1730.00 

1790.00 

1036.00 

1036.00 
10 * 6,00 
10 * 6,00 • 

1660.00 
107*. 00 
ieo«,oo 
109*, 00 
i9o«.eo 
i’i*.co 
192«,00 
193*. 00 
19*5,50 
19*3,50 
19**, 50 
19*5.50 
19*6.50 


0,Cfl0E*00 

' 7 ^ 6 i 5 E'too 

9i08lE*00 

9^2O9Et00 

0. 7t7E*oo 
7^‘77 iE*oo 
6i5i7£*oo 
*. 67b£f00 

1, ’P26£*00 
7.29,e-oi 
2^*23r-01 
3^5 uE- 02 
7.*^31E-03 
2t?70E.02 
2,966E*02 


O*00OE«00 
2«02*£»01 
2**20E+01 
2.668E*01 
2»67u£*oi 
2.589E»oi 
2»500£*01 
2i*0*E«0l 
2.33«£*oi 
1 .929£toi 
t,S*6E*01 
1 »5«6£*01 
li5*l£»01 
1.537E*oi 
l.532Etoi 


velocity estimate error 

" p J 


0. 0.oEf oo 

2.5i3£»oa 

7,692E-0i 

2.270E-0J 

3.007e-oi 

1.039E-01 

1 . noE-oi 

2 . 20 iE - 0 j 

2,726E»0i 

2 . * 82 E *01 
2.032E-01 
2.038E-01 
1.567E-01 
1.099E.01 
6.332E-02 


6«000£i00 

5.609E.C2 

8.009E-02 

5.967E-02 

6.159£.o2 

6,53*£«oj 

7.252E-02 

8.*63E*02 

l.060E*0l 

li07*E-oi 

1.06SE-0I 

1.3U5E-01 

7.310E-02 

2.3«iE-02 

6,99*£-o3 


OtOeOE^SO 

1.539E.QJ 

2« l86E*oi 

lt972E-01 

1.710F-01 

1,*16E-01 

l.l2i£*01 

8.010E-C2 

5,65«E»C5 

*,*7a£.o2 

*.«7CE-02 

R.597F.02 

«.720C-o2 

*,033E-02 


PLATFORM TILT ESTIMATE 
R . ' D 


O«0OOE«0O 

U163E-01 

1.093E-01 

9.015E-O2 

S.633E-02 

0.219E-02 

7«S<llE«02 

7,*20L-02 

7.O05E-O2 

5,76St-02 

«,738E.02 

«.7*3t-02 

R.709E-O2 

R.677E-02 

A.652E-02 


0,0801700 

2.280E-06 

2.533E-06 

2,2tt9t-06 

2,265E“06 

2.282E-06 

2,296£«06 

2.315E-06 

2,33ie-06 

2*3*6£-06 

2,36*E-06 

2.36«E-06 

2.365E-06 

2.367E«06 

2,369£>.06 


0,OOOE70o 

li506E-05 
1 .S*6E-05 
6.697E-06 

6.709E-06 

6.721E-06 

6,73*t-06 

6»7*6E-06 

6i750t-C6 

6.77Jt-06 

6,782£-06 

6.7S2E.-06 

6.783E-06 

6.765t-06 

6.786E»06 


ALTITUDE VELOCITY 
HATE ERROR MAC ERROR 


OeOOOE+OO 

l.TllE-05 

3.301E-0S 

3.197E-05 

3.197E-05 

3, 196E-05 

3, 196E-05 

3.195E-05 

3.195E-05 

3.19SE-05 

3,19*E-0S 

3,19*E-o5 

3,19*E-05 

3.19*£-05 

3,19*£»oS 


o*oooetoo 

5.661E-02 

8,06*E-02 

O.017E-02 

6,172£«02 

6,536£"02 

7,2u5E»02 

O,*u7£-02 

1.057Er0l 

1 .071E-01 

1.063E-01 

1|3*0£-01 

7,2a7E..02 

2,3j8t-02 

6,772t-03 


0. 000E*00 
2.607E-C2 

1,626£-0J 

l,922e-0l 

1. a*oE-ot 
lf609E-0l 
l,3*6£-0l 
liOOlE-01 
9.9*7E«02 
i.577t-0* 
*.290E-02 
*i230E«02 
*,5l3E-02 
*.7l3E-02 

«.039£.fl2 


5AHMA ERROR PSJ ERROR 


0,C06E*Ofl 

7.7o2£*0O 

’^'tOlE + oo 

9a3«3E*00 

StPlSEtoo 

7;f59E400 

O^*-95EfO0 

«t7*5£400 

I.0a6E*oo 

7;76JE-01 

2,77*E-01 

8,'’*7£-h 

2,73aE-02 

ltl9a£-02 

«,585E-03 


o*oooetoo 

1 »076E*oi 
2.177E+01 

2,6*i£*0l 

2.670E+01 
2.5eiE»01 
2.«96£40| 
2,*03£«01 
2 , 358 E 40 I 
1 .929Et,oi 

1.5*6£,01 
1.5a6E*01 
1 • 5 * I £ + 0 1 
1,537£*C1 
1 »S32£*01 


0,OOOEfOo 
1,399 E*oi 
1 . 051C4-0 j 

3»5*9£*0c 

6,**3E-0l 

1.679E*00 

l.OTOEtOe 

3 . 63 a £. 0 i 

9 . 225 E -02 

1 . 1 09 E -01 

l , 536 £- 0 ] 

I .536E-o« 
1 . 118 E .01 
6 . 977 E -02 
2.570E-0? 


0,OOOE«00 

5.701E-02 

0.119E-02 

а, 08*£«02 

б, 2«0E-02 
6.600E-02 
7,30*E-0a 
8.S02E-02 
1 . 063E»01 
1.075E-OI 

1 . 065E-0J 
1.3*3E-0I 
7,309£.|J2 
2.3*OE-02 
6,968E»03 


0 . 000E 600 

8.O39E-0J 

1, «27E-01 

1.8R1F-01 

1 ,736F»oi 
1.467E-01 
1.1R7E-01 
8.032E-02 

«.3*8f-02 

6r552E-.0S 

9.518F-02 

".516E-02 

R.628E-02 

«.73e£-02 

*.a*6E*02 


o«eooE*oo 

I.937E-01 

1,960E*01 

lilOOt-OI 

8«023E*02 

7,221E^02 

7,397E«02 

7,359E-02 

7.016E-02 

5.737E-02 

fl,701£-02 

R.699C-02 

R.679E-02 

«.659£..02 ■ 

R.639E-02 


0«900£«00 

2,3l5E-06 

2,529f-06 

2.20«£-06 

2,21V£-06 

2.23«E*06 

2.25CE.06 

2,265E«'06 

2.280E'-06 

2.295E-06 

2,310E"P6 

2.3iOE»06 

2,3tlE>06 

2.313E-06 

2f31«£-06 


o,ooot+oo 

2.278E-0S 

2.901E-05 

1,065E-05 

5. 569E-06 

*«516£-06 

5,5ltt£-06 

6.572E-06 

7,00*t-C6 

6.995E-06 

6,660t-06 

6,08CE-06 

6 , 67 1 1»06 

6.863E-06 

6.859t-06 


O.OOOEtOO 
S,**0E-07 
2.208E.0S 
3 , oaat-c5 
3.218E-05 
3.235E-05 
3.219E-05 
3. 199E-0S 
3.190E-05 
3, 190E-05 
3. 193E-0S 
3.193E-C5 
3. 193E-0S 

3.193E-0S 

3.193E-05 


0,OOOE*00 

0.537E-05 

3.6S9E-05 
A.505E-05 
2t5l*E-0S 
1 • 287 1»06 

3,*9oE-0S 

8.367E-05 

I.831E-0* 

2.720L-0* 

3,*o7E-0* 

*.2a9£-0U 

2.*CJE-0* 

7,930E,o5 

2.*57£-05 


0. 000E+00 
3,*31E-0* 
3.712E-0* 
2. 155E-00 
1 iSoeE-O* 
1 ,*OOE-0* 

1 . * e * E-ott 
1 .526£-0« 
1,*58E>0* 
1 i*53E>0* 
l.*90£-0« 

l.«9o£-oa 

1 ,S2*E.O* 
l,559£-0* 
l.b73£.0* 


T^E analytic sciences CORPnRAX . o ., 



® 0 c VfL'^CITy PSTlMiTr cboas _ 


H^O.OO 

155(1,00 

isso.oe 

1^10,00 

ITJO.flo 

1 7«0 . rt(j 
1^36.00 

1 ft J(S. PO 
lfl«6.00 
18«6,rio 
1866,00 
lft7«,C0 
lft'8u,()0 
Jft««.00 
I'^Oa.oo 
1^10. 00 . 

I ®2a , no 
I “30 . 00 
I^ol.so 
PO3.50 
i^iio.so 

1“OS,50 
1^06, SO 


3%05ie«fl3 

2,77ftf*03 

^.<l55r*c3 

« ,05(iEti>3 

^^OoOF♦(*^ 

®<73of*oj 

3,7«jFtoj 

1 ^0(s;>FtPi 

2 ,?U ^♦(' I 

. 5^306F*oo 
5.3*sr*fl0 
«,5S7f-01 
5,3;>5F-0| 

1 « 0 35F fflo 
1 ,0^3 F*oo 
8,ftSaF-oi 
7»35 SF-oi 
5,5?ic-0i 

l,5t7F.oi 

".30«jF.pj 
2,560F-03 
“,5ft9F-fl2 
1 ,7ueF-'i2 
?.’?IC-03 


2.31SC403 
I .*lft£+02 
7 ,oi?E*02 

1 .a?5P*o? 

1 .““SF^Oi 
2.570C-0I 

5.Sooe* 00 
?.75«e*0O 
1 . 3 'J < E ♦ 0 J 
1.?OIE,01 
I . ’ '<1E ♦ 0 I 
7.js?e.oi 

1 .«ft*i£-0} 

1 .606£*36 

1 . I<'3?t00 

1 .?37E*00 
1 . 3J «£ + 00 
1 .Ot^E^OO 
1 .077£*00 
1 .OOSE*00 
1 .OO5E + 00 
1 1 287E* 0 0 

t.is’e^oo 

^.69«;£-oi 


*%OA5f*03 

l.0«?E+03 

3.eA7E*c? 

?^n7E*oj 
5^576FtOt 
7 , ^OOF *0 j 
2,?J OE*o7 

0,t05r*oi 

2^6ft5F*0< 

?,l''2Et0t 
1 .ftpafion 
3^?0?f*0i^ 
2,OftftF-Oi 
3»076F-o? 
?»3t6f-oi 
3.3?2f-0| 

?t8l2F*Ci 

2»31<>E-0i 

! . ft 9 j F « 0 j 

l,Sl«?F-Oj 
1 t2O5E-0| 
3^5ME-0 i' 
3^5«?e-0f 
1 >?55EfOfl 

2,lft7E*oo 

3.0ft7E*0o 


velocity F5TIM1TE £»POB 
« 0 c 


T.tiftAE«0O 
fl.05afY60 
3.052EfOO 
1.06 TE*oo 
7.36U£-o{ 
J .801 e*oo 
1.797£*0(> 

J .7l?f*op 

1 .27ftf ♦OO 

1 . OI«F*oo 
‘’.SOftE-Oi 

0. 205F-SI 

3*5l OE-01 

1 .OflOE-Ol 

’.052F-02 

1. ?7ftF-01 
1.0U3E-CH 
1 ,5«0£-oi 

I .AOOE-Ol • 
t .fi03E-oi 
1.996E-0I 
2.177E.0J 
?.?17E-ot 
1 . 189E-0J 
3,560E«o? 
8.01SE-03 


9,63Sr.oi 

S.389F-02 

l,7oaF*00 
?.530£t0(j 
I .37gF*oo 
3»cftie-oi 
1.CI2F-01 

1 . CA9f«0| 

1 ,2S6A«oi 
8.7A5F-02 
2,6IOE-o2 
7.052F-02 
6,7A«f-02 

3,Oft«E»02 

1.299F-02 

l,995f-02 

3,5A5F-02 

5.2««f»02 

7,fll5F-02 

1.003F-01 

lt306F-c| 

l.57i»F-ei 

1.575f-0i 

I.Sfl2f.oi 

1.5ft9£-oj 

1.598E-01 


PLATFOBW TUT estimate 
B D 


UBA2E*00 

A.350E-02 

1.6«9E>0t 

7,fc2aE-o| 

i,33ftC«00 

1.025E400 

1.039EYOO 

1.227E*00 

i*onE«oo 

7.58:E-oi 

6.520E-01 

l,766C>0t 

1.87OE.0] 

1 *050C-01 

1 .^ftSC-Ol 

?*3Sfl£-01 

3,292£«oi 

<l.275E-oi 

S.301E«0| 

8.S81E-0J 

7.920E-01 

9,<I.C4E-01 

f.OOOC-Oi 

9,0ft2E-01 

9*i6oe-ot 

B.23fl£-01 


«.290E-06 

1.795E-05 

8.3OSF-05 

2,e96f.(3S 

a.7auF-o5 

196F-05 

^,flI3F-ob 

8.O37E-05 

7,eH9f-05 

7.392F-05 

7.2A2E-0S 

7.906E-05 

7,105£-bs 

6.a37C-05 

8.75OF-05 

4.766E-05 

8.777F-05 

8.78‘>€-0S 

6.801F-0b 

*4fll3£-05 

8.82aF«o5 

*.«36E-0S 

<»,856E..05 

*.fi37E-0S 

8,a3.8E-05 

8,fl39E-os 


1032.00 
1 032.0(1 
109P.OO 

1550.00 

1 550 .00 

1610.00 
I670.no 

1730.00 

1 790,00 
l“96iOb 

1836.00 

1806.00 
1 SU6, 00 
1860,00 
1870.00 
J8fto.no 
M‘»o,oo 
I’Oo.OO 
1’10.('0 
l’2o.OO 

1 “30 , 00 
1“03,50 
1903.SO 
1“"«.50 
1“05,S0 • 

l“06.SO 


3.210E-0S 

6.992E-05 

“.356E-05 

l«325E*-0o 

“.2O0E-05 

l.09eE-o{| 

1 . 1 12E-00 

9.293E-0S 

I.130E-00 

1 .085E-D0 

1 .525E-0O 

2. 072E-04I 

2.020E-00 

2«210E-00 

2 , 5 06E -0« 

2,50flE-00 

2. 50flE-oa 

2 ,50 at-0 u 

2»-5 07E - oa 

2.507E-00 

2 , 507E ■ OO 

2,507f -oa 

2.507E-0O 

2.5071-oa 

2,5C7E-0a 

2|507£-0« 


3^2A1F*o3 

2.797E+03 

?.“23£»03 
1 ,OO0E+o5 
6t636E*n2 

2^035E+fl2 
<*.725Effti 
3 4 7A6£ j 
1 .O6?r*oi 

1 , 2 ft 6 F » A I 
5tOniF*no 
5.065r+oo 

“»229F-ftl 

3, J3op-m 

1 ^P37Ff«^o 

Uo26f*no 

p,609f-flj 

7,309r-oj 
?,56JE-nj 
3»0 f i)F»n J 

l.556F-nt 

<<,0o9F.n2 
U3n6E-t J 
fi.5o9F.02 

1 , 9(,uF-02 
7.503E-03 I 


1.128E-06 

6.717E-06 

2.826E-05 

7,ll3e.0!> 

3,2l OE-05 

I.O9b£.05 

“.038E-36 

7 , 2? OE-06 

2, 356E-0S 

3.376F-0S 

2.6U5E-05 

3. 693E.es 

2.270E-05 

3.203E-05 

3.17JE-05 

3. 158E-0S 

3, lOoe-05 

3, 131F-05 

3.U8E-0S 

3.100E-05 

3.091E-0S 

3,07aE-05 

3.078E-05 

3.077E-0S 

3.076E-0S 

3.070E-05 


altitude VELOCITY 
rate ERPCjr haC error 


^ 5,7me«o3 

I fl.660E>02 

3,30fi£*n2 

■ 3.373Efn2 

1 .650£*o? 
6, t 9l EfOi 
1.005£»0| 
2.07aE.3! 
l»??n€40i 

6,397£»06 
1 . 08(jE*o 1 
6.5P6E.01 
1.606F.ot 
*. I83F-0J 

1 • I o*E*no 
1 . 1 77E400 
1.2o?e»oo 
1 . 3 I ftE*00 
l.OJoE+oo 
I .O76E400 
t « 006E too 
}.oo6E*00 
1 •29iEtoo 
I • t 3«E + 00 
“.77OE-0J 


5 , e 0 1 E ♦ 0 O' 
3»9iS£tOO 
3,06SEtOO 
1 .695£t00 
7, 1 M f-ot 
1 . 590Et0O 
1.793Et0O 
1 .7l7EtQ0 
1 .27ft£t00 
1 .0 J 5E*00 
“.5i lE-01 
fi,25?E-01 
3.5 i 7E-01 
1.08OE.01 
OfflE-02 
1 • 26 5E-0 1 
1 .fi52E-01 
1.551E-01 
1 .663E-0 1 
l.ft?0E»01 
2 , 006 E «01 
2.200E-01 
2.2alt-01 
I.2I2E-01 
3,798E-02 
1 , 0O2E.02 


‘ 2,835F*03 

' 8^932Eto? 

' 8,066ft02 

'. U37i f top 
1 1 5* I F to I 
fi . 0 I OFtp j 
1 ,9ftoF*nj 

3,29fiF*0j 

2.op6Ftg» 

UO’flftol 

1.27lEt0t 

3,9p5f-o^ 

M8lF-0i 

3,079F-o7 

2,9'i6F.oj 

I,“9tF.o. 

U830F-Ot 

U8|2E-0i' 

1 ,6?0F-nj 
1^308F.0l 
3,06 SF-Oi 
3,O6SF.0f 
l.25jFtOo 
2^16«EtOo 
3.0flSEt0ri 


6.!77f-01 

2.677E-C2 

“.962E-P1 

2i n (je *co 

“.656E.0J 

2.259E.01 

•1.128E-01 

1.285E-01 

8.233E-02 

3,758£«0i 

2.810E.0: 
3,62<;e-02 
1 .878E-02 
2.37«£.02 
3.65IE.02 

7. 768E-02 

1.102E-0i 

1 .2S*E.0j 

1.377E-01 

1.385E-01 

1.37DE.01 

1 . 587E-01 

I.S67E.01 

1.571E-01 

1.569E.01 

1.576E-01 


T,o63e*oe 
*. 650EtOO 

3.«l«£t0e 

J .6OC£t00 

T.033E.5J 

1 . 597£tao 
1.79CEt00 
1 . 7 1 6 E 4 0 0 
1 »?7Pf400 
1 . M 5Etoo 

“.509E-01 

fi.208£.oi 
3.517E-01 
1 .CPOE-Ot 
“.C86E.0? 

1 .?8«£.01 
l.fi5?£.oi 
1 .551E-01 
1.665E-01 
1 .820E-0I 
2.6C6E.QI 

2.200E-ot 

2.20U-OJ 

1.212E-01 

S.796£-0? 

1.0O1E.02 


*.*8A3r-0| 

1.75OE-01 

l^l“0E*O0 

2.2O1E400 

“.3O1F-0J 

«,107f-oi 

5.906F-01 

S.8fl6F-flJ 

7 . 3A6F>o| 
6.152F-0J 
1 .83ar-oi 
1 .006E*01 
1.631F-02 
3.539E-03 

2.763F-t)2 

5.5SJF-02 

6,B06f»02 

7,6o3F*02 

9.a69E-o2 

1.2OOE-01 
1 -SaoE-oi 
USiiCE.>01 
1.553F-0J 
1.56SF-61 

1.575f-0i 


2»6iaE*'oo 
6.721E-02 
1.30tE«00 
1 .fi32E*00 
i • 670E*00 
“,93Ct-0I 
“.730E-01 
ItlSEEtoo 
«.RI IE-01 

1 . “iot-oi 

2. J30E-01 
5,a5fl£-02 

1..707E-01 

I.ce6E-01 

1 .267E-01 

2.3O7E-01 

3.25AE-0! 

«.2a9£-oi 

S.29aE.oi 

6.56OE.01 

7.925E-0I 

9.00aE>01 

“.00«f-01 

9,08a£*0l 

“tl6aE-oi 

“•2a|£.0t 


S.380E-06 

2.042F-0S 

e.lObE-06 

2.779F-0S 

«. 6476-05 

9.1filE-0S 

“tfiObf-oS 

Sioiei'-a? 

7.9346-05 

7.4556-05 

7.349E-0S 

7.493F-05 

7.-1916-05 

6.92OE-05 

6,6446-05 

6.649F-05 

6.655F-05 

6.a61F-0S 

6,a67E-05 

6,a73E-05 

6,a79E-05 

6.887E-05 

6.887E-0S 

6.887F-0S 

6.8086-05 

6,889E-0S 


2.392E-0S 

5.O66E-05 
fi.755E-05 
1 .678E-04 
a,005E-05 
7,6896-05 

’.oaiE-os 

7, fiSj 6-05 
a . 1 8 0 E - 0 5 • 
8.651E-05 

0. 121.-O5 
1.612E-00 

1 . «70t-04 
2, 108E-0O 
2, S26E-0 4 

2. C93E-0O 
2,a7e£-04 
2.C92E-00 
2,504E-04 
2. 5086-04 
2.508F-04 
2.S06E-04 
2.506E-04 

2.5066- 00 
2.506F-00 

2.5066- 00 


gamma ESHOR Psi 


2,119£-05 

fi. 3036-05 

8.52OE-05 

l,OS2E-04 

5,6466-05 

8.0336-05 

S,Se6f-65 

5.529E-05 

a. I OOE-05 

1 .2096-00 

1.310E-00 

1.3076-04 

1.399E-00 

7,0086-05 

1 . 6 C 5 E - 0 7 

fi.039F-05 

fi.e6cE-0S 

fi.09l6-0S 

3.2636-05 

2.9216-05 

2.9256-05 

3.0I2E-05 

3.012E-0S 

3,0196-05 

3,0256-05 

3.02SE-0S 


“.S20E-04 
6,4016-04 
7.492E-0O 
5.307E-04 
1 , ®60 E- 04 
6,7oC 6-04 
I . 156E-03 
1.726E-03 
1, 8176-03 
1,“42E-05 
1.7616-03 
7-, 7o 56-04 
6, l26c-00 
1,8676-04 
I, 4196-00 
1 .826E-0tt 
1 .9 o76«0O 
2. 089E-04 
2.2096-00 
3, 0506-04 
4.8736-04 
6,885E-C4 
7, 0 1 46-04 
3,876E-04 
1 ,2i8E-04 
3,0346-05 


fi. 2416-04 
4.1396-05 
2.5756-04 

4.1266- 04 

4.8086-00 

4.1266- 04 
6,2166-04 

1 . 192E-03 

1.2876-03 

3.3526-04 

3 , 65m E- 04 

“.6556-05 

3. 0256-04 

2,0396-04 

2.4376-04 - 

4,4306-04 

6,3456-04 

8,5606-04 

1 . 1 Oie-03 

1,3696-03 

2, 0136-03 

2,8626-03 - 

2,6626-03 

2.9656-03 

3,0736-03 

3.1416-03 


G-40 



TIME 

l«32.00 

I t)<>e ,00 

1550.00 

1550.00 
IblO.OO 
IhTO.OO 

1730.00 
17«!0.00 
lf<3h.OO 

1036.00 
I8u6,00 
ieu6.oo 

1060.00 

1070.00 

loeo.oo 

IPOU.OO 

l«0O.fl0 

1610.00 

16?U,O0 

1630.00 
10U5.50 . 
|6U3,?0 
16ua.50 
16U5.50 
1606.50 

TIME 

1432.00 

1032. 00 
1U60.00 

1550.00 

1550.00 

1610.00 

1670.00 
1730. ftO 

1760.00 

1036.00 

1836.00 

1846 . 00 
18U6.00 
IPeC.OO 

1874.00 
1884,60 
1R94.00 
140“,00 

1 6 1 0 . 00 

1634.00 

1634. 00 

1643.50 

1643. 50 

1644.50 

1645.50 

1646.50 


GROUP 21 TImE-VAMYTNC OCMSITT OEVIATIONS— Pt»«TtR PROritC 
POSITION ESTIMATE ERROR VE1.0CITY ESTIMATE ERROR 


R 0 

5:T81E705 5.?65£»03 

J.58?F*03 2.861E*0? 

2,61 4F*03 8,565E*0? 

1.4?iF*63 3.6?®£*0? 

6 ” 507 E*C 2 1 , 830 e *02 

2.1 6PF+62 o,626E»Ql 

6,300E+Ol 2.767£*01 

6 . 6 i 2 R*pi 

4 ^1 1 OF*01 2.047£*01 

5^37fiE*0l 3.l3‘=E*Ot 

1, 01*88 *01 2.3 3f'£*0l 

6 .766F**'0 3 .331 1 *0 I 

5,6iOF-6l 1.?OOE*Ofl 
«,8l8F-Ol 3,54a£-0t 

1.46eF-*p6 l,3l?£«Q0 

1 .46PF+00 1 ,a66£*30 

l,258P*flO l.587£*00 

I . 04 1 F*co 1 ,6e5E*oe 

7.787F-01 1 ,766£*00 

a, l66F-»0 1 1.60®E*00 

2.128F-01 1.681E*00 

J. 773E-02 1 ,6u4E400 

■ 3,7?ue-03 1 ,«4u£4flO 

5.250E-02 1.T71E+00 

2.063F-02 1,567£400 

4,73«E-fl3 1.422£*00 

u V 


c 

6t666f *05 6.270F600 

1.626F+03 tt,2«3E*00 

S.nOE + OP 7,362E*0ft 
I .a47E*0? 3. 26SE-01 

6j560F*On ?,021E*00 

4,«73E*0i 2.57?E*00 

3^6US^*0l 2.505fc‘*e0 

5,672F*6l 2.aRfi£*00 

3,306E*0i t.aTSEtOO 
1,8605*01 1.5l7EtOO 
3,6lflr*06 \ .356£*00 

4,602F*0fl 6,270f-01 

1.863E-0i 5.348E-01 

l'l6??-ni 1.534E-01 

3.086E-01 1.120E-0! 

4.6T6E-01 1 .51u£*01 

3'tt5lF«0j 1.660F.-01 
2'837F-0l 1.765E-01 

2,5"7F*flJ 1.615C-01 

l,643E-0\ 2.077C-01 

l,450C»0l 2,266£-01 

3,44uf *0 i 2,a656»01 

3.44SE«0i 2.466£»0t 

l.27l£*0fl 1.540E-Q1 

2,207F*0fl «,027£-02 

3 .lS 0 F* 0 o 6 . 210 E -03 

w U 


6^3262-01 2.T33E*00 

з. 104F-01 6.552E-02 

1 . 6608*00 5 . 862 E -01 

2,b58E*6<I 1.070E + 00 

1.323F+00 1.621t*00 

2.657E-M !,15RE*00 

6 ,85aF-02 l.043fc*00 

1 . 0288-61 1 . 5 U 0 E*C 0 

t,6nf-Ol 1.120E + 00 
I.UlSf-Ol T.e07£«01 
T.132F-02 8.204E-0I 

1.3*3f-01 l,558f-01 

l,076f-0l 2.171E-01 

и. 68«E-02 1,J18£*01 

1.6Mf-02 1.316E-01 

2.443E-02 2.622E-01 

3,660R-02 1.3e0£-0t 

6,001f-02 4.388E-01 

8,334f-62 5.4U0E-C1 

l,n6f-0l 6.732E-01 
1 .444F-01 0. I25£r0l 

1 ,727E-01 6.234t*01 

1.728F-61 6.234E-01 

1.73TE-01 6,3l5t*0l 

t,7o7E*0l 6.365E-01 

t.758f*0l 6.«7«£-0l 

V P 


platform tilt estimate 

R 0 


2.1T0E*06 

5,022E"05 

1.378E-06 

4.T12E-05 

6.576E-05 

l,l2ftF.-0« 

1.154F-C4 

6.6ME-05 

6.260E-05 

8.626E-05 

e,468E-!>5 

8.5A3E-05 

7.667E-05 

7.166E-0S 

7,076f.«05 

7.086F-05 

7.101E-05 

T.HJE-^OS 

7.126E-05 

7.138F-05 

7.151E-05 

7.163E-05 

7.163E-05 

7.164F-65 

7.I6SE-05 

7.166E-05 

U 


7.835E-05 

7.173E-05 

6.287E-05 

1 .360E-04 

1 ,003£-0a 

1.237E-04 

1.2S6E-04 

e,63h£-05 

1.173E-04 

1.6C7E-04 

1 .467E-04 

2.222E-04 

2.077E-04 

2.244E-04 

2.581E-04 

2,58lt-0tt 

2,581fe:-04 

2.561E-04 

2,58l£-04 

2,5806f04 

2,560£-0tt 

2.580t-0tt 

2,5fl0E-0a 

2.580E-04 

2,5S0£-0a 

2,580£*04 

V 


«^11»E*03 

3 , 411 E *05 
Z.601E*03 
1 ,U16E*03 
6 ,' 483 F*n 2 
2,103Et02 
6,288E*01 

6 .on 5 f *01 

4.103f*01 

5‘366Ft01 

I ^038F*01 

6,6(1TF*00 

S.856E-01 

4,83fiE»*flt 

l,u65^*00 

1 ,oo5F*00 

I ,265F.*00 

1,047E*00 

7 ‘844^-01 

fl,25iJE-01 

2,180E-01 

3.4O0F-02 

1 ,067F»U 

5,l>2E-02 

24?llE-r)2 

e.484E»03 


R.ttOTE+05 
T,68 aE*02 
3 . 341 E 402 
3.5261*32 
1 ,837E*02 
6,82Ct*01 
fl.l50E*01 
?.104E*01 
6.tuiE-0J 
2.B63F..01 
1 .232E + 01 
2.5l3E*01 
6,066F-oi 
2.S73E-0I 
1 ,?57E*08 
1 .507E*00 
1 .603E*00 
1.6611*00 
! ,7B6E*30 
1 .6061*00 
1 , 6701*00 
1 ,6o?E + 0O 
t ,645E*00 
1 . 7751*00 
1 ,603£*00 
1 .43OE + 00 


«'2«7E*03 

1.3652*03 

6>6lt*0? 

6,0“6E*0i 

5^460F*0l 
6,l65F*0n 
1 ,68»E*0l 
5,735F*Cl 
3.fl65£*0i 
2;246f *0t 
2 ^ 0 l 8 E* 0 j 
2,234F*0| 
8 , 0 TlE- 0 l 
2.682E-01 
4,6721-01 
3 , 52 uF- 0 'l 
2,3351-Oi 
2,177E-01 
2,1662-01 
l,6BaF-0j 
1 ,588E-0J 
3,380F-0{ 
3,380F.-0l 
1^2661*00 
2,202E*00 
3.147E*00 


6,?23E*00 
«. 2271*00 
2,330E*00 
3.026E-01 
2.025f*08 
2,568C*00 
2.50ir*00 
2.476£*00 
1 .875E*08 
1 .5181*06 
1 ,560t*06- 
6.26TE-01 
5.3S7E-01 
1.5381-01 
1.123E-CJ 
1 .520t-31 
1 .666E-0$ 
l,807E-0t 
1 , 628 t- 0 l 
2,0641-0! 
2.287E-01 
2.466E-01 
2.523F-01 
1 .365E-D1 
4.2721-02 
1,1661-02 


1 ,585F*60 

4,4721-01 

8 . 726 F -01 

2.0051*60 

7 ■866E-01 

5,3851-61 

5.6621-01 

7.266F-01 

0 . 658*^-01 

7.662F-01 

7,8P4f -01 

2.66If-01 

6,7‘»2F-02 

8.’l71f-C5 

1.075F-03 

1.2251-02 

6.l®ft£-02 

7.S67F-02 

8.562F-02 

1.056F-01 

1.580F-01 

1.662F-01 

1 .'662F-01 

1.707E-01 

1,722F-01 

1.T35F-01 


2,56lE*66 
1,8221-01 
1 ,60«C*00 
l,7l«l*00 
1,9351*00 
1,0761*00 
'6,7661-01 
1 ,3^^t♦00 
I ,^311*00 
1 , 6011-01 
2,3201-01 
8.8331-03 
2,167f-01 
1 . 2161-01 
1,3261-01 
2.4061-01 
3 . 342 E -01 
4.5581-01 
5,4511-01 
6.-7361-01 
8,130>>C1 
6,2351-01 
6.255E-01 
6, 5171-01 
9,368F-Ol 
6,4781-01 


8.6561-07 . 

5.245E-05 

3.156E-06 

а, 58«l-05 

б. 467E-05 
UlZiE-oa 
1.153F-0U 
6.660E-05 
6.3371-05 
8.664E-05 
8.562E-0S 
6.671E-05 
8.0576-05 
7.255E-03 
7,1671-05 
7.175E-05 
7,lflOF-OS 
7,1861-05 
7,l62E-05 
7.169E-05 
T.206E-05 
7 . 2 itt £-05 
T,214C-C5 
7,2l**E-0S 
7.2151-05 
7.2lb£-05 


6,8861-05 

4,7671-05 

0,8731-05 

1.151E-04 

e,B87E-05 

6,8641-05 

1,1081-04 

7,5511-05 

8.3981-05 

6,4161-05 

8,3161-05 

1 ,77iE-oa 

1 ,409£-O4 

2,1621-04 

2.60PE-04 

2,5631-00 

2,5451-04 

2.5621-04 

2.576E-04 

2,5821-04 

2.S8SE-04 

2.5801- 04 
2.5B01-04 

2.5801- 04 
2,576£-04 
2. 5761-04 


C 

U732E-05 

а, 212E-06 

2.6041-05 

б, B33E-05 
3.016E-05 
1 .376E-05 
8.n2£-06 
1,5331-07 
2,6151-05 
3.7131-05 
3,0121-05 
4,5031-05 
2.0541-05 
3.8151-05 
3,6791-05 
3,9651-05 
3,6521-05 
3,6381-05 
3.624E-05 

3, «t0£-05 
5, 8961-05 
3.6831-05 
3.863E-05 
5. 8821-65 
3,6811-05 
3,876E-0S 

N 

4. U8E-05 
S,2l7E-05 
8.318E-05 
1 .0«3'l-oa 
5,6731-05 
S, 6171-05 
6.602E-05 
4,7381-05 
8.5511-05 
1.3461-04 
1 .264E-04 

i.ujoE-oa 

1,4581-04 

7,0021-05 

7.2711-06 

4,8721-05 

5.7161-05 

4,6251-05 

4.0741-05 

3.7221-05 

3,7261-05 

3.8151- 05 

3.8151- 05 
3,6221-05 
3.&29E-05 
3.6321-05 


altitude 

R*TE ERROR 

6,777£*00 
4,CC3E*00 
2.406E+00 
3.607E-01 
I ,695E*00 
2,560E*00 
2,5001*00 

2 ,apci *00 

1,8751*00 
1 ,Sl6£*00 
1 ,3t,Cl*00 
6,2741-01 
5,3571-01 
l, 53 et-oi 
1.123E-01 
1,5201*01 
l,699£-0l 
1,6071.-01 
U 928 E -01 
2,0951-M 
2,2861-61 
2 ,ue«l- 0 i 
2.523E-01 
1.365E-01 

а, 274E*02 
1,1711-62 

CAMMi ERROR 

1, USE-63 

б, 5621-64 

5.173E-04 

1,4711-04 

5,5741-04 

1,0721-03 

5671-03 

2, Uu6E-03 
2,6001-05 
2,7331-05 
2 ,5001-03 
UloRE-03 
6.0311-64 

2,5331-04 
1,7301-64 
2,U4l-04 
2,3oOE-04 
2, 4161-54 
2,6771-04 
3.5261-04 
5,5631-04 
7,7631-04 
7.9011*04 
4,3671-04 
U373E-0U 
3,4211-05 


VELOCITY 

MAC ERROR 

1,24S£*00 
2,9401-01 
7,4081-01 
2,036E*00 
6,307E-0V 
2,3601-01 
1,0331-02 
2,6951*01 
5.23CE-02 
2,4381-01 
3,1521-01 
S. 1631-03 
B , C91E-02 
5.021E-02 
4,8101-02 
6,1531-02 
1 , 2621-01 
1,4331-01 
1,5661-01 
1,5651-01 
1.523E-61 
l,744E-0l 
1,7451-01 
1,7281-01 
l, 726E-,0l 
t,736P.*0l 

PSI ERROR 

5.67ae-04 

1.767E-05 

3.0841-04 

4,6175-04 

5,5531*04 

4,4371-04 

6.23&1-C4 

1,4121-03 

1,4401-03 

3,0601-04 

3,9741.-04 

1 .515E-05 

3,8931-04 

2.2821-04 

2,5il£-0a 

4,5471-04 

6,5061-04 

8,7801-04 

1,1301-05 

1.4051-03 

2.0651-03 

2,9351-03 

2,6351-03 

3.041E-03 

3.i5il-03 

3,22iE-03 
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HOSTTION estimate ERROR 
" 0 C 


J«3E.OO 
|R3?.oe 
HRo.oe 
• l 5 $a,oo 

1550.00 

1610.00 

1670.00 

1730.00 

1790.00 

1036.00 

1036.00 
10U6.00 
1 * 46,00 
1 * 60,00 
I *7<l ,00 
1 * 04,00 

1890.00 

1904.00 
I’H.OO 
172«.00 
i’ 34.00 

1743.50 

1743.50 
l7aa,5o 
17 « 5,50 

1746.50 


1432.00 
- 1432,00 

1490.00 
1550^00 

1550.00 

1610.00 

1670.00 

1 750 . ,00 

1790.00 

1836.00 

1836.00 

1846.00 

1846.00 

1860.00 
1*74.00 

1 8 0 a , 0 0 

' 1894.00 

I’oo.oo 

1714.00 

1920.00 

1734.00 

1945.50 

1745.50 

1944.50 

1745.50 

1746.50 


5 , 388 E* 0 ? 

* 5,0608*02 
5,«97E*oi 
4 . 5668 * 0 } 
2 , 0748*01 
1 ,3fl2f *00 
5 ^ 78 of *00 

6 , 5628-01 

3 \ 26 CC*oO 

• 3.733E*00 

?, 9058-01 
1 ,8888-01 
1»’?78-02 
2,3798-03 
2,36 JF-02 
2,2358-02 
1 % 8 ! 58 -o 2 
1 ,3668-02 

8 , 9 * 38-03 

«t793F.03 

l%«5lE-03 

5,0758*03 

2 , 8218*05 

3,4038*03 

1 a 37 i 8 *o 3 

4.124E*o« 


2.O55E+0? 
6. ! 1 *£*00 
U?8*E*0! 
t,420E*0t 
7.9*2E*00 
S.92 <je-o| 
2,?S4£*oo 
1.340E*oo 
1 »599E*00 
1.4938*00 
5,699£-oi 
6.866C-0I 
2.751E-0? 
2.R2AE-02 
5.6J4E-03 
7.03*8.03 

6. *548-03 
4.*49£-05 

1.0758-03 

7.022C.03 

l,49«E.o? 

S,4J4E-02 

3.4i5£*02 

5.6798.02 

7.90*8-02 

1.0338.01 


4,2308*02 

2,9408*0. 

3.7Ser*0i 

2,4008*00 

6,7468*00 

7,57i8-0| 

3,4048*00 

1,7«38-0i 
«,6018-0> 
1.2338*0a 
1,1688-01 
3,5138-02 
2,3468-09 
7,6488-03 
I ,032C-0> 

1,6338-02 
134128*02 
I, 2158-02 

I3O338.O2 
^35528. 03 
7,0418-03 
2,3138-02 
^,3128*02 
«3l728-02 
1,4078-01 
2, 0028*0 I 


VELnC!7y estimate ERROR 
« . O' ■ C 


1 « 7338*00 
1.9298*00 
1.55*8-01 
2.0098-01 
1.2578-01 
7.9938*02 
3.8768-02 
9.8368-02 
4.0138-0? 
3.9698-02 
2. 8988-02 

1.93*8-02 

1 .75O8-0? 

3.67U-03 

9.3298-04 

3.1818-03 

9.7428-03 

6.06UE-03 

7.6378-03 

S«77f-o3 

I.285E-02 

1.6338-02 

1.6838-02 

7. 1558-03 

2.9o*C*0S 

5.«S2C*04 


nATFORM TILT ESTIMATE 
R D 


2.1382*01 

7,7328-02 

2.4328-0? 
1,2068-01 
*,3938-02 
1,9548*02 
6,6428-03 
t. 0668-02 
7.6318-03 
1,0538-02 
5^4168-03 
7.6778*03 
1,2*58-02 
6,2738-03 
6,4*18*03 
1,0728*02 
1 ♦ 3308-02 
1,5318-02 
1,6968-02 
1,9198-02 
2,1438-02 
2,2408*02 
2.2408*02 
2 ,2638*02 
2.3258*02 
2 . 566E*o2 


9.677C-6I 
3.156E-0I 
1.6228*01 
2.5468-02 
4,190e*02 
1.2648-02 
2.2028-02 
3.1628-03 
1.6608*02 
3,23*8-02 
-7.0308-03 
1 .4238-02 
7.10*8-03 
6.6618-05 
f. 3178*63 
1.5178*02 
2.1158-02 
2.7538-02 
5. 4278. 02 
4.2558-02 
5.1368-02 
5,8408-02 
5.8468*02 

5.8638-0? 

5.9278*02 

5.970E-02 


3.6238*07 

3.7798-06 

6.856F-07 

2.6208-06 

3.292E-06 

6.5508*06 

6.5288-06 

6.5018-06 

5.8958-06 

5.397E-06 

5,3fi«8-06 

5.9348-06 

6,3568-06 

7.3578-06 

7.4208-06 

7.4218-06 

7. 4228-06 

7,4238-66 

7,4248-06 

7.4258-66 

7,4278*06 

7.4288*06 

7.4288*06 

7 . 4288 - 06 
7.4288*06 

7.4288- 06 


1.321E-05 

2.0418-05 

3.2958-06 

6,2578-06 

5.0648-06 

6,5918*06 

6.1 768-06 

8.131E-06 

7,8318-06 

7,7308-06 

1.0038-OS 

1.0648.05 

1 ,1748-05 

1.3908-05 

1.5038*05 

U5028-0S 

1. 5018-05 

l,500'£-05 

1.5008-05 

1.4998-05 

1.9968-05 

1,4978-05 

1.4978*05 

1,4978*05 

1.4978*05 

1,4978-05 


5,‘S73Ef02 
5^065 P*o2 
5,87if#<i1 
4;548C*oi 
2, 0668*01 
. 1 ^38u8*ofl 
5^769F*no 

4.554E-01 

34253FfflO 

3,7?4Ft0O 

2, 9308*01 
1 x’lAE-oi 
l,909r-n? 
2, 2808-03 
2,35AF-02 
2,2348-02 
1 ,*15F-02 
1 ,365F-02 
2,9638-03 
4,7558-03 

1,3988-05 

5jO468*03 

1,6278*12 

3,4518-03 

1,5178-03 

6.2148*04 


2.479E-06 

2.39«8-0b 

9,5908-06 

3,0178-06 

4.252E-06 

4.893E-06 

5,5438-06 

5.0558*06 

6. *568-06 

7,7078-06 

7.9958-06 

8.2508-06 

7.824E-06 

1,0308-05 

1.1768-05 

1.1778-05 

1.1728-05 

1.1798*05 

1.160E-05 

1.UI8-05 

1.1S2E-05 

1.183E-05 

1.1638*05 

1.1838*05 

1.1838*05 

1,1838*05 


‘tjijyne VELOCITY 
rate error mac error 


1 ,S97e*00 
1 .4?28*oo 

1.5668-01 
2.0178*01 
1.2628-01 
7,4068-02 
3 .6548-02 

4,8338*02 

4.0118-02 
3.9678-02 
2.9JI0E-02 
1 . 9a0E«02 
1 .7568-02 

3.6918- 03 
9.262E-04 
3. 1768*03 
4,7448*03 
^.0768-03 
7,6638-03 
9.5i88*03 
1 .291/E-02 
1.6408-02 

1.6918- 02 
9,2326-03 
2,9fl6E-03 
9,2508-04 


«.46flE*02 
3.56 ?E*oo 
1 . 8398*01 

1 .365E*0l 
®,01?E*0fl 
1,5768-01 
3,6146*00 
Ii?3R6*00 
t.4O?E*O0 
5,0008*0} 

3, 2026-0 1 

4.6768-01 

9,97pf.oa 

2.9548-0? 

4,1598-03 

6.3858*01 

5.511E-01 

«,l4?8-05 

9,9518-04 

6,9608*03 

1.4098-0? 

3.4238- 02 

3.4238- 02 
5,7048*02 
». 0238-02 
I ,O30£*oi 


’ 1,411E*0> 

1,923840, 
3.566E *0i 
6,073E*0fl 

9.l77r*0o 
S ,35 1 8*0 f 
2,07jE*0A 
5,6578*0? 
fl, 0226*0, 

1 ,0638*00 
4,0428-0} 
5,029E-0i 
3,7786*0? 
4,5046-03 
l,ioor-o? 

1 ,66 1 f-O? 

l,457F-0? 

l,235F-0? 

1,0358-0? 

0,6108*03 

7,1528-03 

2,3018-0? 

2,3016-0? 

0,1546-0? 

I, 4058-01 
2.0008-Oi 


1.7516-Oi 
1.6838-01 
1.3938-01 
9.7118-02 
6,1528-02 
6 » 664E* 04 
9,9908-03 
1 ,2308-02 
.1 .3306-02 
4,4628-02 
1,9078-02 
2,1256-02 
2,0008-02 
1,1048-02 
6.3218-03 
0.0128-03 
0.6568*03 
1,8536-32 
1,2238-02 
1,6436-02 
2,096£*02 
2»226E'*02 
2,2276-02 
2.2266-02 
2.33S6-02 
2.3606*02 


I.726£*oo 

l,«258*oo 

1.5258-01 

1.9946-01 

1.2498-01 

7,4608*0? 

3i'OOU*02 

«,639f-o? 

4,0168-0? 

3.9698*0? 

2.0998*0? 

1.9398*0? 

1.7508-07 
3,69?E-03 
9,2618*00 
3.1766-03 
«. 7448, 03 
6,0766*03 
7.663E-03 
9,5108*03 

I ,29o£*o? 
1.6406*0? 
1.6918*0? 
9,2316*03 
2.9658*03 
9.2366*04 


2.377F*01 

2.199F*oi 

.t,4RlE*ei 

l.U9f*oi 

7,077f-o? 

7.9o?e*oj 

«,!27E«01 

7,176F-o5 

2.6666*03 

J,'l97f.,o? 

I ,0396-02 
I,5R5F-o? 
1.5216-02 
1.0026*02 
7.4776-03 
1,0206-02 
1.1656*02 
1 .4276*0? 

1 ,6flC6*0? 
1,9556-02 
2,1858-02 
2,2636*02 
2,2638*02 
2,3028-02 
2,3426-02 
2.3«IE*c2 


4.80U-01 
2.7708*01 
1,1348-ei 
5.7346*02 
6,5156-02 
2.2p6f*02 
. ?.?54t-02 
8.4396-03 
2.0456-02 
2.4556-03 
1,5306*03 
3.3316*05 
3,9166-01 
2.0918-03 
7.0358-03 
1,5536-02 
2.2006*02 
2.«086*02 
3,4508-02 
«, 2368-02 
$.1116*02 
5.8296*02 
5,S29£*o? 
5.0758-02 
5,92flE-o? 
5.9646*02 


1.1618*07 

4.5118-00 

0.2236-07 

2,510F-0<> 

3,1078-66 

O,S0fl6-06 

6.5146-06 

5,9?08-0i 

5.4466-06 

5.4448-06 

5.9978-06 

0.4256-06 

7,4178*06 

7 »5’046“06 

7,5016-06 

7.4928-0-6 

7.4966-06 

7.4936-06 

7,4918-06 

7,4876-06 

7.4888-06 

7,400c*O6 

7*4868-06 

7,4R8£*06 

7,48ee*06 


U13!E*05 

1.6326-05 

4.3068-06 

6,0906-06 

O.U48-06 

0.0446-06 

9,5658-06 

1. 0288-05’ 

4,2036-06 

3.695E-06 

4.976E-07 

1,5298-06 

7,5126-06 

1.34IE-05 

1,5396-05 

1.5758-05 

X.541E-05 

I ,5036*05 

1.4876-05 

1.406E-O5 

1 .4928- 05 

1.4928- 05 
1.4926-05 
1.492E-05 
1.492E-05 


■“ OAMMa error Pst ERROR 


7.2648*06 

1.2258-05 

9.1578- 06 

1.1578- 06 
2,6538-06 
3,1198-07 
2,1028-06 
1.969E-O0 
1.5158-06 
1,0018-05 
1.2266-05 
1.3428-05 
1.3996-05 
1.5546-05 
1.3538-05 
1,1238-05 
1,0718-05 

1 .1208-05 
l,17CE-05 

1.1916- 05 

1.1916- 05 
l,106E-O5 
1 . 166E-05 
1,1656-05 
1 .1658-05 
1. 1858-05 


2.6?18*04 

.2»334E-o« 

3.477E-05 

.6,0378-05 

3,779t-05- 

3.C99E-05 

2.3646-05 

4.507E-05 

O.-IOflE-OS 

4.5528-05 

3.9?66-0S 

2»2j9E-05 

1.9638-05 

0.5766-07 

6,9866-06 

I,2l78-C5 

1.6328- 05 
2,0938-05 

2 . 6328 - 05 
2.0718-05 
3,6108-05 
5, 3636-05 
5.523E-05 
3.1298-05 
1 .0638-05 
5,9108*06 


0.3146-05 

4,b9tE«o5 

2,2638-05 

1,6206*05 

1.7898*05 

9,1198-06 

1.4378-05 

0,7548-06 

2,6608-05 

4.2248-06 

2.6278-06 

5,6968-06 

6.944£*06 

3.9308-06 

1.409E-05 

2,9318-05 ■ 

4.2858*65 

5.6578,-05 

7,1468-05 

0,0408-05 

1, 2938-04 

1.6538-04 

1.8538-04 

1,9178*04 

1.90SE-O4 

2,0276-04 
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CROUPS 21-23 MARKOVS (DENSITY DEVIATION - HEADWINDS AND CROSSWTNDS - CD) 

PPaiTTO'J ESTTHATF VELOCITY ESTIMATE ERROR PLATFORM TILT ESTIMATE 

rocrocro 


ALTITUDE 
RATE ERROR 


THIS SEGMENT OF TABtE PRINTED ON PAGE G-43 


6^«75E*02 

«.01«E*01 

1.553E70? 

t,807p70D 

9,A73P-Pt 

2,976E*02 

3.177E*01 

8,62ae7Cl 

7.86at,oi 

a,«> 62 F -01 

1 ,oief*n? 

1.15P£*01 

5,70lE70l 

3.125E-01 

1.1P5F-0I 

U750F*0l 

1 .58r'£'*0l 

l^332E+0i 

2,87SE«C1 

5.796F-n? 

1 v25'4F*01 

1.07?£*C1 

9^735?*00 

?.6«AE-0! 

6.3F2E-02 

1,1A5E*(51 

9.9PCE*nn 

5»8A6E*00 

1 .9S9E-01 

7.587F-02 

1 ,276E*fil 

.7,u9oC*fl0 

8.,tt57F*00 

1 .5U7E-01 

8 .ot5F-C2 

1 too 

a. 1 9tE*on 

7,9u?E-0j 

1 .539E-01 

e.2l9f-r.2 

1 ^79?f 700 

5. n JE*00 

6,039E-0j 

7.0tt7E-0? 

9.aflF-02 

»^l9hE-fl2 

l.SbTE-OJ 

1 ^169r-0l 

5.701E-0? 

6.931F-P2 

1 ,P^FF-0t 

?.35PE-01 

5,536r-o? 

2.220E-0? 

U,a|uf-02 

1 ,637E-fll 

1 .A24t-01 

6*9S?E-0? 

?.3aiE-0? 

3.253F-02 

1 ,63«F-ftl 

?.?26E-01 

UOOSF-oi 

J.635E-0? 

5,51t>f-«2 

1 

2.305F-01 

8^573E-0? 

a,l7aE-0? 

6.967F-02 

1 jA9f-fll 

2.41AE-01 

7,l9iip-0> 

a.a67E-0P 

8,579F-02 

®,9aop-n2 

2.5ft3£-0l 

5,985E-0? 

a,896t-0?. 

l,0l5f-0l 

4^AlflF-02 

2.777E-01 

4,a9lf-e? 

5.SICE-0P 

1.212F-01 

2jSu3E-02 

?.949E-C1 

i.96bf -OP 

<>.a7tE-0? 

l.«?7f-01 

2^167F-0P 

3.lC3E-fir 

1.43?p.0i 

7,579g-0J 

l»57bE-0l 

S.042?-P4 

i.tOTE-Ot 

l,43lE-0^ 

7.782E-0? 

1 »576E-01 

1.573f-02 

3.A??E-0t 

. 4.901E.0J 

4.200E-02 

1.5R7E-01 

A»25SP-03 

«,A7?£-01 

8 ^aOSE-Ot 

t .29AC-0? 

1 .*l7F»et 

2.683F-0J 

S.RR4E-01 

l.lRat^OO 

3.52U-0T 

1.637E-01 

U 

V 

H 

U 

V 


3.5aiC-01 

l,afe2£-05 

q,322E-05 

3,«15E-05 

1.813E700 

2.86SE-01 

1.865E-0S 

2,b07t-05 

1.732E-0S 

7.884E-01 

P.307E-01 

l,7aaF-oS 

3,?a5t-05' 

I.B30E-0S 

3,n3E-0l 

3.0I9E-0! 

l,e*OE-05 

3.5U9E-0S 

2.259E-05 

2,eriE-Di 

2.P67t-01 

l.830E-d5 

a,179E-05 

2.852E-05 

2,6u6£-0l 

2,ft58F-01 

1.795E-05 

tt,bl?fc-0S 

3.605E-05 

1,9|S0E*-C1 

2.39frt-01 

. 1.7A7E-05 

5,4ii5E-05 

4.36flE-05 

1 ,550E-01 

l.aant-Ol 

1 .758F-05 

6,201t-05 

4,35'bE-OS 

1 ,5alL-Ci 

7.6l6fc-0? 

i.835E-05 

7.239E-05 

a .aoOE-05 

7.107E-02 

S.!5«E-02 

1.863E-05 

7.630E-05 

a.658E-05 

5.7J6E-02 

3.89St-02 

2.051E-05 

B,h5lE-03 

5,5fclE-05 

2.257E-C2 

a.73lE-82 

2.0a3£-05 

9.A08E-05 

6.210E-0S 

2.356E-02 

8.819F-02 

2,Oa(>E-05 

9, 60SE-05 

6.210E-05 

S,6ft8E-02 

l.?ait-0t 

2,Oa9e-OS 

9,bC8E-05 

6.209E-05 

4.207E-&2 

1 .620E-01 

2,C52f-0S 

• 9,607E-D5 

6,209r-0S 

a,527E-C2 

?,01Af -01 

2.055F-55 

9.607E-05 

ft,206E-05 

4,9il'j£-e2 

2.B99E-01 

2,05rF-05 

9,b07E-05 

fa,2C7f-05 

5.5A7E-02 
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9.607E-05 

b.206E-05 

7.6U3E-02 

3,a6O£-01 

2.eh3E-05 

9.607E-05 

6,20ft£-05 

7,a«7£-02 

3.URU-01 

2.083E-05 

«,606E-05 

b,2PbE-CiS 

«,264E-Ci2 

3,52?E-fll 

2.06JE-C5 

9,b06t-0S 

6.206E-05 

1.357E-02 

3.552E-01 

2,DA«.E-05 

9,60t>E-05 

6,206E-05 

4,OqOE*03 

¥ 

U 

V 

H 

gamma Error 


i«32,e'> 

ia32,00 

1890.00 

1550. 00 

6,a5eFtflZ 

1 .?93E + 0? 

l,35lf *0P 

Tins SEGMENT OF TABLE PRINTED ON PAGE G-43 
l,79?E»0fl t,067P+00 3.I52E-01 I,a75f-0S 3.260E-05 

u.a36E*05 

5.422E-0U 

1550.00 

2,9A5E*0? 

5,u67E#dl 

7.8?0E*Ol 

T.BIOE-Ol 

a.2Paf-()j 

3.526E-01 

1 .060E-05 

2.138E-0S 

2,26BE-05 
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3,03?E701 
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?. 6071-01 
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),U?5£-05 

3.577E-05 
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1790.00 

Ul8lF*ni 

1 .0O3E*01 
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1.959E-01 

l.SfliiE-01 
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l,eOJE-85 

All 03E-05 

0.170E-OS 

2.897E-0B 

1836.00 

1 ,272E«M 

6.5«0E*00 

9.275E+00 

1 ,509£-0t 

2.272F-fli 

1,13£1-01 

l,77eE-05 

4,0716-05 

4,9966-05 

3.165E-0U 

1856,00 

l,9oof4no 

2,?91E*00 

3,592F*0n 

l,50ie-ot 

1 . 302t-01 

1.031E-0I 

1.763E-05 

a. 9926-05 

5,6976-05 

2.932E-0B 

1806,00 

l,8loF*nO 

3,693E*00 

3,573F+0n 

7.105E-0? 

7.225F-02 

9,7a?-E-02 

1 .853E-05 

6,2156-05 

5.753E-05 

1.235E-0B 

jflab.OO 

B^20lE-0? 

1.168E-01 

1 ,56uF-0i 

5.7t8£-0? 

6.215E-02 

5.967E-02 

l,883F-05 

6.639E-05 

5.9656-05 

9,3666-05 

1860,00 

1.076F-M 

2.172E-01 

1.053F-01 

2,237f-0? 

O.118F-02 

3.829E-02 

2.0SSE-05 

8.U776-05 

5.0UE-O5 

3,4756-05 

l87u,no 

• 1 ‘bOOF-Ol 

1 .73OE-01 

8,'0SuF-O? 

2.356E-0? 

3,l«3F-n2 

0 ,*770E-02 

2.068E-05 

9,6706-05 

6.1C6E-05 

3.052E-O5 

leaa.oo 

1,6U?P-01 

2,?03F-01 

9,3P9E-e? 

3,ft59E,.0? 

5,3635-02 

8.782E-02 

2.069E-05 

9.569E-05 

6,2636-05 

5, 7036-05 

l«9a,oo 

l.«?9P,ni 

2,3«5E-01 

7^261F-0? 

O.207E-02 

7. 137F-02 

1.230E-01 

2,070E-05 

9.529E-C5 

6. J22E-05 

7,0346-05 

iRoa.oo 

l,’l97f-01 

P.U36E-01 

6,a?iF-0? 

a,527t-o? 

8;7l2F-ft2 

1 .612E-01 

2.072F-05 

9,5666-05 

6,2b6E-05 

0.752F-O5 

1910,00 

9,067E-02 

2.563E-01 

5.850F-e? 

a.9tt5E-02 

1,017F-Oi 

2,0l5Ff0l 

2.073E-05 

9.598E-05- 

6,2156-05 

i,ee7E-oo 

1920.00 

«^P91E-n2 

2,773£.0l 

5.’075f-0? 

5.56#.t-0? 

1.2075-01 

2.501E-01 

2,074E-05 

9.6106-05 

6.1976-05 

l,2l6£-04 

1930,00 

2.61UF-02 

?.9a6F-01 

0,109F-OP 

6.532F-02 

l,'a?0F-Ol 

3,03aE-0l 

2.076E-OS 

9,609E-0S 

6,1986-05 

1,6796-04 

1903.50 

2,159F-02 

3.107E-01 

1^«?3F-oT 

7,603£-fl2 

l,S75E-0l 

3,Ob0£-0t 

2.077E-05 

9,6066-05 

6,2026-05 

2,a<j2E-04 

19«3.50 

5^01 iF-tO 

3,107E-fll 

l,O?3F-0i 

7,»‘«7C-0? 

1,573F-I)l 

S.uoot-Ol 

2.077F-05 

9,6066-05 

6,2026-05 

2.506F-04 
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1 ^b97E-02 

5,65VF-01 

a^fi9«F-0j 

O.260E-02 

1.59UP-01 

3.«9tfc-01 

2.077F-C5 

9,606E-05 

6.203E-05 

1 , 4036-04 

l9gS,50 

6,9S7F-03 

a.67OE-01 

e^OOlF-Ol 

l,357E-02 

i^6tSF-01 

3.523E-01 

2.07&E-C5 

9,6066-05 

6.203E-05 

4.670E-05 

1906,50 

2.766E-03 

5.990E-01 

1 , l9aE400 

5,99aE-03 

1.635E-01 

3,553E-Ol 

2.078E-05 

9,6056-05 

6.2O3E-05 

1 ,560E-OS 


VELOCITY 
MAG ERROR 


6.781E-01 

3,7e8E-0l 

6.563E-02 

9.R32E-02 

8,052E-02 

1.313E-01 

l.RaiE-Cl 

6,9t.u£-02 
b,33SE-02 
A.239E-02 
3.252E-02 
5.585E-02 
7,27ot-C2 
6,58b£-02 
9,7SfcE-02 
V,1SUE-01 
1,«16E-C1 
i,57U-0l 
1.57U-01 
1.593E-01 
l.bUE-Ol 
1 >63SE-01 

PS: ERROR 


R.OTRE-OS 

1.02CE-CR 

1, C07£-0il 
i,7R2£«0a 

2, ?C0E«0tt 

3, aS7E-04 
1 ,93eE-C4 
l,7b5£*0« ' 
1 ,726E-0tt 
l.OSSE-OR 
7,l3Se-05 
9.037E-C5 
l,fe53E-04 . 
2.39t,E-04 
3,2a7E-0U . 

4 , I 59E.08 
5,2l7E-04. 
7,705E-0U 
l.lOOE-03 

1 , lOOE-CJ 
1.139E-03 
l,lfilE-D3 
1 ,2ca£-03 
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POSITION 
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ERROR 

VELOCITY 

‘ ESTIMATE 

ERROR 

PLATFORM ' 

TILT ESTIMATE 

ALTITUDE 

VELOCITY 

V”' 

. time , 

R 

D 

C 

H 

D 

C 

R 

0 

C . 

RATE ERROR 

MAC ERROR 

•tJ O 

O s 

O 

ItfSP.OO 

5,*a7ir+fl2 

2.tR7E*0P 

fl,030E*0? 
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2,961t-01 

1.930F-06 

7.4(>2e-06 

3.d06t-0b 
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i.Sb6E-0J 

1AS2.00 
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3.6?5F*02 
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2.0O0E-01 

5,22*)E-04 

l,a9«£-05 • 
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9,2blE-01 
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U 

V 

w 

U 

V 

H 

U 

V 

M 

camha error 

P5I ERROR 
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a,724£*02 
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3.00AC-01 

U6S3E-06 
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1 .. 60 SE -00 
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. {432.00 
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6,3««E*0l 
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t ‘731F-01 

l,562t-01 

3,390F-0^ 

l,02«E-05 

7,797C-0b 

l,ad4E-04 

2,1>60C.-OS 


14R0.0C ■ 

3.AS6£*02 

5.729E*0t 

s.eoer^oi 

R,J3«C-0t 

5.30JF-0J 

1.603E*01 

S.42«e-06 

7*t4SE-36 

{ .R41E-0S 

.1.991E-04 

5,ltt9E-05 


CROUP 22 CROSawlhO AND 

POSITION eSTTHATf SHROR VELOCITY ESTIMATE E»»OR PLATFQRH TU.T ESTIMATE ALTiTUPE VELOCITY 

TTM£ fl 0 C R 0 C R &■ C RATE ERROR MAC ERROR 


0 . 

1 

1R32.00 

IR32.00 

1090,00 

2,lReF*02 

2,10tF*02 

2.O99e-*02 

I.93SS«02 

5.137E+00 

5.2a3E*at 

2^l02F+02 

2,3A2f+0l 

I.OOIE^OI 

b4020E-01 

3.S8SE-01 

b,799£«oi 

T.2«3F«02 

S.5S2E-02 

l,792r-oi 

2,0lAE*01 

1.O06E-01 

U752E-01 

T,eRfrf.*0T 

l,65bE.»0b 

J.O59F.06 

3.020E-06 

6.3b7E*0b 

1,0691-05 

. l,bbOE*Ob 
l,b29E«0b 
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6.18SE-01 
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U 
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w 
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V 

m 
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u 

camma error 

PSI ERROR 


1032.00 

1052.00 

1090.00 
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2.067Et02 

2,099F*02 
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«,907E»02 
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5.617E-06 
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l,67bE-05 
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ERROR 

VELOCITY 
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ERROR 

PLATFORM TILT ESTIMATE 

ALTITUDE 
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R 

0 

e 

R 

0 

C 

R 

D 

C 

RATE ERROR 

HAG ERROR 


1032.09 

2^b«3E*03 

i.60OE*03 

3,6S4r*05 

T.992E+0O 

1^0?6F*90 

2,3filE*90 

l,ie5C-05 

5.Sa9E-0S 

2,55bE-95 

7,0a7E*09 

l,373E*09 


1032.99 

2^52.oE*A3 

l,fll9E*0? 

5.701E*02 

6, 150E«00 

5,69bE-91 

1,555E*09 

2.309E-05 

9.127E-05 

2,«S0E-05 

6,082£*09 

l.,2O2E*00 

. 

1O90.09 

2,b39F*93 

6.1 SbE*02 

2.199F+0? 

6.708E*00 

1,8«0E*00 

l,6eOE*00 

3,69OE-05 

1 ,091E-0O 

5.320E-0S 

6,775E*00 

2. 179E + 09 

\ 

TIME 

U 

V 

H 

U 

V 

>1 

U 

V 

W 

gamma error 

PSI ERROR 

\ 

1032.00 

2jeiflE+93 

3.573E*03 

l,‘bl9F903 

7.95lE*e0 

l,6O?F*O0 

2,1«RE*00 

1.108E-05 
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